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Abstract 
The purpose of this program of research was to seek robust evidence of a causal relationship 
between workplace interruptions and medical errors in healthcare. Interruptions are a cause 
for concern in healthcare because of their association with increased workload and 
performance decrements. However, interruptions can be crucial to effective work coordination 
through means of information transfer, relationship development, and improved organizational 
resilience. An association exists between workplace interruptions and medical errors, but 
currently there is no concrete evidence that interruptions actually cause errors. Determining 
whether more workplace interruptions cause (or do not cause) more medical errors will provide 
a better evidence base for healthcare workers when designing interventions and policy to 
improve patient safety. In this thesis, I aimed to fill this gap in knowledge with a major 
prospective controlled-trial in an Intensive Care Unit (ICU) simulator. 
In the first phase, I reviewed and evaluated the literature on the relationship between 
interruptions and errors in healthcare. In the second phase, I designed the high-level 
components of a high-fidelity simulation study to seek evidence of a potential causal 
relationship between interruptions and errors. In the simulation, ICU nurses would prepare and 
administer intravenous medications for a simulated patient manikin and receive either 3 or 12 
work-related interruptions. However, several constraints and barriers arose during the planning 
of the simulation—the main issue being that I needed to conduct a statistical power analysis to 
estimate the required sample size, but I did not want to reduce the pool of potential 
participants for the main study. I thus decided to move to the laboratory for piloting and 
explorations in a non-healthcare setting. 
In the third phase, I created an analogous laboratory simulation study to the healthcare 
simulation study, by finding a non-healthcare task that shared similar high-level properties to 
medication preparation and administration, and was carried out by specialized professionals. I 
then mapped the abstract properties of the healthcare study scenarios to the laboratory study 
scenarios so that I could generalize findings from the latter to the former. The task chosen for 
the laboratory study was cocktail making, because it shares similar cognitive-perceptual 
properties to medication preparation and administration and is performed by professionals 
(bartenders). 
In the fourth phase, I conducted a zero-interruptions baseline study to determine the 
required sample size for the main bartending study. Ten bartenders prepared beverages in a 
simulated cocktail bar, and worked alongside a confederate actor who played a front of house 
worker. Cocktail error data were then integrated with observational data from the literature to 
estimate a cocktail error rate for participants who would receive a lower versus higher number 
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of interruptions in the second bartending study. This data was then used to estimate the 
required sample size for the second bartending study, which was 36 participants (18 per 
condition). 
In the fifth phase, I conducted the second bartending study, which was a controlled trial in 
which 36 bartenders received either 3 or 12 scenario-relevant interruptions. The method was 
identical to the first bartending study, except the front of house worker now delivered scenario-
relevant interruptions. Bartenders who received a higher number of interruptions committed 
significantly more cocktail errors than bartenders who received a lower number of 
interruptions. The cocktail error data were then used to estimate the required sample size for 
the healthcare study, which was 66 participants (33 per condition). 
In the sixth and final phase, I finalized the design and carried out the healthcare simulation 
study. Seventy ICU nurses received either 3 or 12 scenario-relevant interruptions while 
preparing and administering medications. The interruptions were delivered by a confederate 
acting as a nursing team leader, the patient, the bedside phone, and equipment alarms. 
Nurses who received a higher number of interruptions committed significantly more clinical 
errors and procedural failures than nurses who received a lower number of interruptions.  
The healthcare study revealed that more interruptions to nurses lead to more clinical errors 
and procedural failures—a finding that was often assumed but had not been directly tested. 
This finding may place healthcare workers in a better position to design interventions and 
policy to improve patient safety in critical care. However, reducing the frequency of all 
interruptions is not recommended because many interruptions are important to the work 
system. Instead, it may be beneficial to balance the reduction of unnecessary interruptions 
with the preservation of necessary interruptions while improving their safety (for example, by 
increasing nurses’ resilience to interruptions). 
The bartending study also provided evidence of a causal relationship between interruptions 
and errors in a non-healthcare domain, which may generalize to other hands-on work 
environments. Additionally, the laboratory work provided a unique method for conducting 
power analyses that researchers could adopt if they encounter barriers when designing field 
research.  
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1 
Introduction 
 
 
Workplace interruptions occur frequently in healthcare settings and form part of the clinical 
work culture.1 Interruptions (i.e., an unplanned distraction that diverts attention away from a 
person’s task) can be detrimental to patient care,2,3 yet simultaneously beneficial to the work 
system.1,4,5 The Institute of Medicine’s report “To Err is Human: Building a Safer Healthcare 
System”6 expressed concern about interruptions because of their potential contribution to 
medical errors. Evidence increasingly suggests that interruptions are associated with medical 
errors; however, despite the growing body of literature over the last two decades, the potential 
causal link between interruptions and errors remains unclear.7 
The main purpose of this program of research is to seek evidence of a causal relationship 
between interruptions and errors in healthcare. Determining whether more interruptions cause 
(or do not cause) more errors will provide healthcare workers with a better evidence base to 
consult when designing interventions and policy to improve patient safety. 
Aims and structure of this thesis 
The fundamental purpose of this project is to determine whether more interruptions to 
nurses lead to more medical errors so that patient outcomes may be improved in critical care. 
Thus, there are four overarching aims that contribute to the main purpose, with six associated 
Aim$1:$Design$a$simula/on$study$
to$inves/gate$the$poten/al$
causal$rela/onship$between$
interrup/ons$and$errors$in$the$
Intensive$Care$Unit$(ICU).$
Outcome:$Current$evidence$of$
a$causal$rela/onship$between$
interrup/ons$and$errors$is$
weak.$A$controlledDtrial$was$
designed$to$ﬁll$this$literature$
gap,$but$I$needed$to$know$the$
required$sample$size.$
Phase$1:$
Review$and$
evaluate$the$
current$
evidence$
base$of$the$
rela/onship$
between$
interrup/ons$
and$errors.$$
Phase$2:$
Design$the$
major$
aspects$of$
the$
healthcare$
study.$$
Aim$2:$Design$a$laboratoryD
based$simula/on$study$to$act$as$
a$formal$pilot$study$preceding$
the$healthcare$simula/on$study.$
Outcome:$The$task$of$cocktail$
making$was$chosen$as$an$
analogue$to$medica/on$
prepara/on$and$
administra/on.$This$allowed$$
for$formal$pilot$tes/ng$and$
explora/ons$while$avoiding$
some$of$the$issues$
encountered$when$designing$
the$healthcare$study.$$
Phase$3:$Map$the$highDlevel$
proper/es$of$the$healthcare$
study$to$the$laboratory$study,$
using$components$of$
representa/ve$design.$$
Aim$3:$Conduct$the$laboratory$
study$to$determine$the$required$
sample$size$for$the$healthcare$
study,$and$inves/gate$whether$a$
causal$rela/onship$exists$
between$interrup/ons$and$
errors$in$other$nonDhealthcare$
work$contexts.$$
Outcome:$36$par/cipants$were$
required$for$the$main$lab$study$
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research phases. The first aim was to design a high-fidelity simulation study to directly test the 
conjecture that more workplace interruptions to intensive care nurses lead to more clinical 
errors and procedural failures. In Phase 1, I reviewed the current evidence base of the 
relationship between interruptions and errors in healthcare. In Phase 2, I designed the major 
components of a healthcare simulation study. However, I was unsure of how many participants 
were required to find an effect, if one existed, and I encountered several barriers and 
constraints during the planning of the healthcare study.  
The second aim was therefore to design a laboratory-based simulation study testing the 
same conjecture as the healthcare study but in a non-healthcare context, so that substantial 
piloting and explorations could be conducted. In Phase 3, I drew on principles of 
representative design8 to find an analogous task to medication preparation and 
administration—the task in the healthcare study scenario—and map the two contexts. Cocktail 
making is similar in its high-level properties to medication preparation and administration, and 
was thus chosen as the task for the laboratory study scenario. 
The third aim was to carry out the laboratory-based bartending study in order to conduct 
piloting and explorations and to determine the required sample size for the healthcare study. In 
Phase 4, I carried out a zero-interruptions baseline study to determine the minimum sample 
size required for the main bartending study. In Phase 5, I conducted a controlled trial with a 
second bartending study, using a lower versus higher number of interruptions to determine the 
minimum sample size required for the healthcare study. The bartending study also allowed me 
to explore the causal link between interruptions and errors in a simulated work environment, 
as discussed in Manuscript 1.  
The fourth and final aim was to carry out the healthcare simulation study to determine 
whether increases in the frequency of workplace interruptions cause increases in the 
occurrence of clinical errors and procedural failures. In Phase 6, I conducted a controlled trial 
with a lower versus higher number of interruptions, as discussed in Manuscript 2. 
In the Project Summary, I discuss the overall conclusions of the program of research, 
theoretical and practical contributions made throughout the program of research, similarities 
and differences between the laboratory and healthcare studies, limitations, and avenues of 
future research.  
The following two manuscripts form the foundation of the thesis and are appended in their 
original form: 
• Manuscript 1: Santomauro, C., & Sanderson, P. (2017). The effect of interruptions 
on errors in a simulated work environment: A controlled study seeking a causal 
connection. Manuscript in preparation. 
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• Manuscript 2: Santomauro, C., Powell, M., Davis, C., Liu, D., Aitken, L., & 
Sanderson, P. (2018). Interruptions to intensive care nurses and clinical errors and 
procedural failures: A controlled study of causal connection. Manuscript accepted for 
publication pending minor revisions at Journal of Patient Safety, May 12. 
A third manuscript is in preparation but the content has been incorporated into the body of 
the thesis, and thus is not included as a separate manuscript: 
• Manuscript in preparation: Santomauro, C., & Sanderson, P. (2017). Conducting 
laboratory research to better prepare for field research: An interruptions in healthcare 
case study. Manuscript in preparation. 
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Phase 1: Review and evaluate the current evidence base of the relationship between 
interruptions and errors 
 
Phase 1 of the program of research involved a review and appraisal of the literature on the 
relationship between interruptions and errors in healthcare. First, I provide an introduction to 
this area of research. Second, I discuss the importance of reducing the rate of medical errors 
in healthcare. Third, I outline the current evidence base of the relationship between 
interruptions and errors and the gaps in knowledge. Fourth, I discuss the advantages and 
disadvantages of interruption-reduction interventions reported in the literature. Fifth, I consider 
the positive aspects of interruptions and why it may be inappropriate to reduce or eliminate all 
interruptions. 
Interruptions in healthcare 
Workplace interruptions occur frequently in healthcare settings. Depending on the context, 
the proportion of clinical tasks being interrupted can range from around one third,9 to one 
half,10 to over one half.3 Astonishingly, one study even found that 99% of medication tasks 
were interrupted.11 Observational research shows that interruptions can occur 7, 11, 12, and 
even up to 14 times per hour,5,12-14 depending on the hospital role and unit chosen for 
observation. Interruptions are more common in critical care units, such as the Intensive Care 
Unit (ICU), compared to general wards.15 Patients with the most severe illnesses and injuries 
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are cared for in the ICU, where the nurse to patient ratio is 1:1 and interruptions are delivered 
by, and to, numerous sources and personnel.5 The ICU was chosen as the unit of focus for the 
present program of research, but literature from other healthcare units remains relevant. 
What constitutes an interruption event depends on the context being studied, the research 
question, the process being studied, and the theoretical background of the researchers.16,17 In 
the context of healthcare, it can be difficult to discern a primary task from an interrupting task 
because clinical work is dynamic and event-driven. However, from a cognitive systems 
engineering perspective, interruptions can be defined as a distraction that diverts attention 
away from the primary task, or an ‘attention request’.5 A key component of an interruption is 
that it is unplanned by the interruptee (the person being interrupted), which separates it from 
other primary task diversions such as task switching. An interruption can also be responded to 
in several ways such as engagement, deferral, multitasking, and blocking.18 Clinical work is 
complex and multi-layered, and interruptions occur when one person’s work intersects with 
another person’s work. Therefore, interruptions can be beneficial or detrimental to the 
interrupter’s workflow, the interruptee’s workflow, or both.4  
Most research communities view interruptions as a negative part of practice,17 and some 
researchers hold the view that a zero-interruptions workplace would be ideal.19 Interruptions 
can be viewed in a negative light because they are associated with several adverse outcomes 
in healthcare, such as increased workload,20 increased time taken to return to the interrupted 
task,21 slowing down22 or speeding up of the interrupted task,12,23 and an increased likelihood 
of abandoning the interrupted task.9,12 Arguably the most concerning outcome of interruptions 
is an increased frequency of medical errors. 
Medical errors are a patient safety concern 
In 2000, the Institute of Medicine’s hallmark report “To Err is Human” stated that medical 
errors are a leading cause of patient injury and death.6 In critical care, it has been estimated 
that one actual or potential preventable adverse drug event occurs for every five medications 
administered.24 Such events are a concern because of their potential to injure or kill patients. 
Medical errors can directly compromise patient safety, but can also indirectly affect 
healthcare workers and organizations. Healthcare professionals who commit errors that 
potentially or actually harm a patient—also known as ‘second victims’25—can be seriously 
affected by their mistake. Following a medical error, clinicians can experience several 
emotional side effects (e.g., shame, blame, loss of sleep), report a negative impact on their 
daily life, and sometimes experience suicidal ideations.26 
The cost of medical errors can also place a financial burden on hospitals—which are 
known as the ‘third victim’.27 In 2004, Tucker28 calculated that each operational failure costs 
US hospitals approximately $95 per hour per nurse. In Australia, it is estimated that adverse 
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events—comprised of a sizeable portion of medical errors—cost public hospitals 
approximately $2 billion annually, with half the adverse events believed to be preventable.29 
The prevention of medical errors is an important area of research for the above reasons. With 
the goal to reduce error rates in hospitals, researchers increasingly consider interruptions as a 
contributing factor. 
Healthcare interruptions and their association with medical errors 
Interruptions are often linked to errors in the healthcare literature. There is a belief that 
increases in interruptions are related to increases in medical errors—a belief that was 
reinforced when the Institute of Medicine highlighted interruptions as a potential contributor to 
errors.6 Interviews with neonatal ICU nurses reveal that interruptions are cited as the most 
common reason for missed nursing care tasks.30 There is a plethora of research dedicated to 
evaluating the interruption-error relationship in healthcare; however, much of the research is 
inconclusive or un-compelling. 
In a hallmark study, Flynn and colleagues31 observed hospital pharmaceutical staff while 
they filled prescriptions and found that interruptions per half hour were associated with errors 
per half hour. However, the effect depended on the pharmacists’ level of distractibility. More 
recently, Westbrook and colleagues3 conducted a large-scale observational study of 4271 
medication preparations and administrations by 98 nurses on medical wards across two 
hospitals and used regression modelling to estimate the likelihood of nurses committing 
clinical errors and procedural failures with varying numbers of interruptions. Westbrook et al. 
estimated that with each additional interruption during a medication round, nurses were 
approximately 12.7% more likely to commit a clinical error and 12.1% more likely to commit a 
procedural failure. However, the actual (observed) clinical error rate was non-linearly related to 
increases in the number of interruptions, and it is unclear why this is the case. Another recent 
study by Westbrook et al.32 revealed that emergency physicians’ likelihood of committing 
clinical errors increased almost threefold when they were interrupted versus uninterrupted. 
However, working memory capacity was also found to influence error rates, and it is possible 
that working memory capacity affected physicians’ vulnerability to interruptions, similar to the 
study by Flynn et al. described above. The above studies provide support for an associative 
relationship between interruptions and errors, but they do not provide evidence that 
interruptions cause errors. This is problematic since researchers sometimes respond to these 
findings as if they were causal; for example, by making recommendations to reduce or even 
eliminate interruptions altogether. 
Evidence of a causal relationship between interruptions and errors is difficult to collect in 
complex sociotechnical environments such as healthcare.7 Poots and colleagues33 offer 
specific criteria for strengthening an argument for causality in quality improvement contexts, 
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but the criteria are also relevant to human factors research. The most compelling evidence of 
a causal link between interruptions and errors in healthcare would ideally be a clear dose-
response (i.e., cause-effect) relationship in a controlled prospective setting with minimal 
alternative explanations for the effect. In addition, the finding would ideally be replicated in 
studies of different circumstances to form a reliable evidence base. Currently, there is minimal 
evidence to suggest interruptions cause errors in healthcare,34,35 and the studies that do 
provide evidence have shortcomings that raise concerns about the generalizability of results 
and attribution of causality. 
Some studies fail to find an effect of interruptions on errors. In a part-task simulation of 
computer-based medication prescribing tasks, Magrabi and colleagues36 found that doctors 
who were interrupted took three times longer to return to a complex ordering task compared to 
a simple ordering task. However, no impact of interruptions on errors was detected in this 
study. Similarly, Campoe and Giuliano37 investigated the effect of differing numbers of 
interruptions on nurses’ error rates during an intravenous pump programming simulation. 
Although they found increases in the number of errors with increases in the number of 
interruptions, the effect did not reach significance. The study was probably underpowered 
because the sample size was less than 10. Jones et al.38 analysed trainees’ central venous 
catheterization performance when interrupted during simple versus complex tasks, but they 
did not find differences in performance checklist scores across groups, and they did not 
include a zero-interruptions comparison group for a measure of baseline performance. 
Johnson et al.11 observed critical care nurses during medication rounds and claimed to have 
found an association between interruptions and clinical errors and procedural failures; 
however, no formal statistical test was conducted and only a small sample of medications 
were observed. 
Few simulation studies actually show significant effects of interruptions on errors. Liu and 
colleagues18 carried out a high-fidelity simulation where anaesthesiologists forgot to perform a 
safety-critical task when they engaged with an interruption from a surgeon, whereas they 
remembered to perform the safety-critical task if they deferred or rejected the interruption. 
However, the analysis was not prospective and the sample size was small. Prakash et al.39 
conducted a high-fidelity nursing study and revealed that nurses who were interrupted were 
more likely to commit errors during medication tasks compared to nurses who were not 
interrupted. Although this is perhaps the most compelling evidence of a causal relationship 
between interruptions and errors, the researchers did not directly assess whether a higher 
number of interruptions leads to a higher number of errors. Clearly, more robust evidence is 
required before concluding that interruptions cause errors in healthcare. 
Some evidence outside the healthcare domain points to a causal connection between 
interruptions and errors. Interruptions and distractions are a cause for concern in aviation— 
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incident reports suggest that interruptions contribute to a significant portion of aviation 
accidents.40 In addition, empirical evidence suggest that pilots who are interrupted commit 
significantly more errors than pilots who are not interrupted.41,42 Evidence from laboratory 
settings reveals similar effects of interruptions on errors43 and other performance 
decrements.44 However, it may not be appropriate to generalize research from other domains 
to the unique context of healthcare. This argument is discussed further in Phase 3. 
Reviews of the healthcare interruptions literature have also contributed to a consensus that 
there is only weak evidence to suggest that interruptions cause errors.34,35,45,46 Clear causal 
evidence would provide a foundation for the design and implementation of interventions 
designed to reduce interruptions with the goal of error reduction. However, given the weak 
evidence base, it is unclear whether reducing interruptions would actually lead to reduced 
error rates.  
Interventions to reduce interruptions in healthcare and their unintended consequences 
Recently there have been many studies that assess interventions aimed at reducing the 
frequency of interruptions, under the assumption that interruptions lead to negative outcomes. 
Dall-Oglio and colleagues47 reduced interruption frequencies in healthcare with a bundled 
intervention including (a) ‘do not interrupt’ sashes worn by nurses during medication rounds, 
(b) taped floor areas indicating zero-interruption zones, (c) visual notices in medication areas, 
(d) educational sessions, and (e) information materials for patients. A similar bundled 
intervention was implemented by Pape,19 who observed a decrease in interruptions in a pre-
post design; however, no significance test was used. Westbrook et al.48 conducted a 
randomized-controlled trial with another bundled intervention (using a similar ‘do-not-interrupt’ 
vest as Dall’Oglio et al.), which successfully reduced interruption rates in the intervention 
wards compared to the control wards. However, more than half of the nurses indicated that 
they would not voluntarily wear the vest because it was time-consuming, cumbersome, and 
hot. In addition, none of the above studies assessed whether the interventions reduced the 
likelihood of errors. Identifying errors would require further resources and time, but to some 
extent the researchers may have worked under the assumption that interruptions and errors 
are causally linked. 
In an effort to assess the impact of interruption-reduction interventions on error rates, Flynn 
and colleagues49 implemented similar strategies to the above studies across two hospital 
units. Interruption rates decreased in only one of the two units that received the intervention, 
and although medication error rates decreased in the unit where interruptions decreased, error 
rates also decreased in a comparison control unit with no intervention. To examine the effect 
of interventions, Prakash and colleagues39 conducted a follow-up condition to their previously 
discussed comparison in a simulated context of 0-interruption and 1-interruption conditions. 
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The follow-up condition included interventions targeting effective management of interruptions 
(for example, visual timers for intravenous push). The interventions were successful at 
reducing error rates when compared to the prior interrupted condition. However, the study was 
quasi-experimental due to the pre-post design. 
Although it appears that there is preliminary support for interruption-reduction interventions 
in healthcare, a recent systematic review revealed weak and limited evidence overall of the 
effectiveness of such interventions to significantly reduce both interruption rates and error 
rates.50 In addition, there is growing concern that interventions to reduce or eliminate 
interruptions could have unanticipated consequences and may negatively impact the 
functioning of the broader work system.5 
The following studies are two examples of unexpected consequences of interruption-
reduction interventions. In a pre-post study, Tomietto and colleagues51 had nurses wear a red 
“do not interrupt” tabard during medication rounds (similar to the vests used in the above 
studies). The tabard resulted in nurses being interrupted less by patients, but more by other 
nurses compared to pre-intervention—the opposite of desirable. In another study, Myers and 
Parikh52 found that deferring interruptions during medication activities resulted in unforeseen 
increases in interruptions during direct care, suggesting that delaying an interruption may 
protect the current task but it may negatively affect tasks carried out later on. These findings 
call into question the assumption about the cause-effect relationship between interruptions and 
errors, and highlight the need for more research into the impact of interruption-reduction 
interventions. To this end, researchers are increasingly adopting the viewpoint that 
interruptions are important for effective work coordination. 
Positive effects of workplace interruptions in healthcare 
When considering hospitals as complex sociotechnical systems, it is reasonable to 
consider that interruptions can have positive effects on the work system. Recently, there is a 
growing shift from the traditional view that interruptions are inherently bad to the view that 
interruptions are an important and positive part of clinical practice.17 Eliminating all 
interruptions may not be appropriate because many interruptions are necessary for high-
quality patient care.46 Interruptions can facilitate effective patient care, develop relationships, 
allow for information transfer, and enhance organizational resilience.1,4 Such interruptions are 
crucial to the successful coordination of a hospital unit, and a negative consequence of 
interruption-reduction interventions could be a reduction in necessary interruptions, which 
would likely impact the whole work system.1,5,50 
Nurses also share similar positive views about interruptions, reporting that it would be 
impossible to complete their job without interruptions, and that interruptions increase their 
resilience to organizational failures such as insufficient training and restricted resources and 
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technology.4 Although interruptions are associated with undesirable outcomes, clearly they 
should not be considered uniformly negative.2 A better evidence base for the causal 
relationship between interruptions and errors is needed, as well as a greater consideration of 
the systemic effects of interruptions, before interventions are implemented to reduce or 
eliminate interruptions. 
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Phase 2: Design the major aspects of the healthcare simulation study 
 
Taken together, the research discussed in Phase 1 outlines a clear gap in the literature: do 
interruptions actually cause errors in healthcare? To answer this question, I planned to 
conduct a controlled trial in a high-fidelity ICU simulator comparing the effects of a lower 
versus higher number of interruptions so that I could test for a prospective dose-response 
relationship33 and so contribute to the debate on whether interruptions cause errors.  
Phase 2 of the program of research involved designing and operationalizing the healthcare 
simulation study. The tasks chosen for the simulated scenarios were the preparation and 
administration of medications via intravenous (IV) infusion pumps. ICU nurses commonly deal 
with IV pumps—most patients will have at least one medication (but often more) administered 
via IV infusion. Literature also suggests that tasks involving the preparation and administration 
of IV infusions tend to be error prone.24 The original study design was between-participants 
with one nursing scenario and two levels of the independent variable: either one or four 
workplace interruptions. Following discussions with the grant collaborators, I decided to add 
additional scenarios to the design to increase reliability and reduce sampling bias. Thus, there 
would be 3 scenarios with 1 or 4 interruptions in each, resulting in 3 or 12 interruptions in total.  
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Physical design and set-up of the simulation room 
I first designed the physical set-up of the simulation room because the set-up would 
influence the scenario design. The ICU nurse to patient ratio is 1:1, so the simulation room 
would include one bedspace with a simulated patient manikin. In the ICU in question, patients’ 
vital signs are displayed on a monitor above the patient’s bed. At each bedspace, there is a 
computer with an Electronic Medical Record (EMR) system, as well as a bedside phone. 
Equipment and materials to prepare and administer medications are also located at the 
bedspace, with several intravenous infusion pumps. The above aspects of the physical 
settings were to be included the simulation room.  
The ICU has a separate closed-off medication room where most medications are stored. In 
particular, restricted drugs such as pain relief medications are stored in a locked cupboard in 
the medication room. The medication room is accessed via swipe card and two staff members 
must be present when any staff member removes restricted drugs from the cupboard. Team 
leaders hold the key to open the restricted drugs cupboard. Accordingly, in the simulation 
room, a medication room would be emulated and separated from the bedspace with a 
partition. The simulated medication room would be a simplified version of the ICU medication 
room, but would contain a locked restricted drugs cupboard and relevant materials. It was 
important to include a medication room in the simulation not only for increased fidelity, but also 
because interruptions that require a change of context (for example, entering or exiting the 
medication room) have been shown to disrupt primary task performance.21 Figure 1 shows the 
proposed physical set-up of the simulation room. 
Scenario design 
Once the physical set-up of the simulation room had been planned, the simulated scenarios 
could be designed. As discussed, participants would perform medication preparation and 
administration tasks for IV drugs. Participants would administer a minimum of one medication 
per scenario, and the medications needed to be those that are commonly administered in the 
ICU. The preparation and administration of Patient-Controlled Analgesia (PCA) is commonly 
performed by ICU nurses, but it is more error prone than other IV medications.37 Therefore, I 
chose PCA for one of the simulated scenarios. PCA (and various other IV medications) must 
be administered alongside IV fluids, so IV fluids were chosen as the very first medication in the 
first scenario. Other IV medications would be finalized later, but an insulin infusion was the 
preliminary option for the second scenario. To increase the opportunity for potential errors, 
some of the medication prescriptions would include deviations from the typical prescription for 
that medication; for example, prescribing a dose or rate that is not typically prescribed for a 
particular medication, but is still within reasonable boundaries.  
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Figure 1. Proposed physical set-up of simulation room. 
Interruptions 
Once the high-level structures of the scenarios were designed, I could design and 
incorporate interruptions into the scenarios. The interruptions needed to be authentic for ICU 
nurses, and literature suggests that other nurses are a major source of interruptions.11 
Therefore, I planned to hire a confederate (actor) who would act as a nursing Team Leader 
(TL) to deliver most of the interruptions and to hold the keys to the restricted drugs cupboard. 
Other interruptions would come from the patient, bedside phone, and equipment. Not only did 
the interruptions need to be realistic, but they also needed to be as disruptive as possible to 
potentially elicit errors. I consulted the interruptions literature and Prospective Memory (ProM) 
performance literature to determine the points of each task that would be most negatively 
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affected by an interruption, as well as the properties of the interrupting task that would be most 
disruptive (Table 1). ProM refers to the act of remembering future intentions53 and one 
measure of ProM difficulties is the time a person takes to resume their primary task – the task 
that was interrupted – following an interruption (i.e., “resumption lag”). Resumption lag is a 
popular measure to use to study the effects of interruptions on performance. 
Through consultations with ICU research nurses, I designed some preliminary interruptions 
that would be familiar and realistic. I incorporated the information from Table 1 into the design 
of the interruptions in a way that theory suggests would be as disruptive as possible. All the 
interruptions would be delivered mid-task, have minimal delay between the interruptive alert 
and interruptive task, and would be as long as possible, because these properties have the 
most compelling evidence.2,21,43,54-63 The rest of the disruptive properties would be distributed 
across the 12 interruptions, so that not all interruptions contained the same properties. To 
preserve the authenticity of participants’ behaviour, they would not be forced to engage with 
the interruptions; however, I would design the interruptions such that they are difficult to defer, 
multitask, or block.  
Interruptions were precisely timed and designed to elicit clinical errors and procedural 
failures. Clinical errors were defined as any deviation from the medication order or procedure 
that would result in the patient directly receiving a medication inconsistent with what they were 
prescribed. An example of a clinical error is administering the wrong drug dose. Procedural 
failures were defined as sequencing errors, and safety or technique violations that would not 
directly result in a medication inconsistent with the patient’s order. An example of a procedural 
failure is using nonaseptic technique. These definitions were inspired by Westbrook et al.’s3 
categories of clinical errors and procedural failures. 
  
15 
Table 1. Properties of interrupting tasks and primary tasks that make interruptions more 
disruptive. 
Disruptive properties of an 
interruption and primary task 
Description 
What makes an interruption more disruptive? 
Point of occurrence (a) Interruptions that occur in the middle of a task are more 
disruptive than interruptions that occur at the beginning of a 
task, the end of a task, or between tasks.2,54-57 
 (b) Interruptions that occur at the end of a task after the main 
goal is completed but before a final task step are more disruptive 
than interruptions that occur at any other point in the task.64 
Errors committed in these cases are known as Post-Completion 
Errors (PCE). 
Duration Interruptions that are longer in duration are more disruptive than 
interruptions that are shorter in duration.21,43,56,58,59 
Similarity to the primary task Interrupting tasks that are similar to the primary task are more 
disruptive than interrupting tasks that are dissimilar to the 
primary task.65-67 
Complexity/difficulty More complex interruptions are more disruptive than less 
complex interruptions.56,68 
Context/location Interruptions that require a change of context are more 
disruptive than interruptions that do not require a change of 
context.21 
Delay between interruption 
alert and interruption task 
(interruption lag) 
Interruptions that have no delay between the alert and task are 
more disruptive than interruptions that have a delay between the 
alert and task.60-63 
What makes a primary task more susceptible to the negative effects of an interruption?  
Workload Primary tasks that are more complex/require more cognitive 
resources are disrupted more by interruptions than primary tasks 
that are simple/require less cognitive resources.36,69,70  
Environmental cues Primary tasks with no cues present on resumption are disrupted 
more by interruptions than primary tasks with cues present on 
resumption.71-73 
 
Constraints and barriers encountered during simulation design 
During the early stages of planning, I began to encounter several uncertainties that 
affected the development of the study. First, equipment and technology are constantly 
changing within the ICU. For example, the PCA pump used in the ICU in question changed 
while I was designing the scenarios, as well as the EMR system. This made it difficult to keep 
the scenarios up-to-date and familiar for the ICU nurses as I incorporated more details into the 
scenarios.  
Second, I experienced difficulties when trying to organise a simulation room that I could 
access within the hospital. The room I originally planned to use was fully booked months in 
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advance for staff training. Then, the room to which I was eventually granted access was not 
designed to be a simulation room and was often hired out for training purposes. Setting up the 
room to work as a simulator (for example, to capture audio-visual footage) would be a complex 
and expensive task, so I wanted to ensure I had a clear study protocol to avoid wasting any 
time or resources.  
Third, I did not know how many participants I would require to find a significant effect of 
interruptions on errors, if one existed. I therefore needed to perform a statistical power 
analysis. However, I was concerned about running a statistical pilot study with the ICU nurses 
because that would reduce the pool of potential participants for the main study. I was also 
concerned that the required sample size would be larger than the maximum volunteer sample I 
could get solely from a single ICU.  
There were ways to deal with these issues but most options compromised the fidelity, 
naturalism, and generalizability of the simulation. To overcome sample size issues, I 
considered recruiting non-ICU nurses from different wards, or ICU nurses from other hospitals, 
but this would have required adjustments to scenarios and equipment that deviate from 
genuine situations. Advice from nurses was that interruptions are unique to each ward, so the 
interruptions designed for ICU nurses could be unfamiliar or strange to non-ICU nurses. I 
considered designing a ‘hybrid’ scenario that could apply to all nurses, but naturalism would be 
compromised. Another potential solution was to create multiple scenarios to reflect different 
departments to retain naturalism, but the scenarios would not be comparable.  
For these reasons, I decided to move to the laboratory for piloting and explorations, so that 
I would be better prepared to run the simulation study in the ICU. This would allow me to 
calculate a statistical power analysis for the healthcare study without using ICU nurses, and 
also to test the boundaries and feasibility of the study design. For example, I was concerned 
that delivering 12 interruptions in one testing session may not be feasible. This could be tested 
and adapted, if needed, in the laboratory simulator, prior to stepping in to the healthcare 
simulator.   
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Phase 3: Map the high-level properties of the healthcare study to the laboratory study, 
using components of representative design 
 
Phase 3 of the program of research involved designing and operationalizing the laboratory 
simulation study. During this phase, I put the planning of the healthcare study on hold because 
I could not make significant progress until I knew the outcomes of the laboratory study. As 
discussed in Phase 2, the main purpose of the laboratory study was to perform piloting and 
explorations for a power analysis without the use of limited and expensive healthcare 
resources. However, two secondary purposes were (a) to test the underlying hypothesis that 
interruptions cause errors in a simulated non-healthcare work context, and (b) to explore 
whether features of clinical settings could be accurately reflected in the laboratory. 
Some of the content from Phase 3 is covered in the introduction section of Manuscript 1, 
and some of the content will also be covered in a separate manuscript that is currently in 
preparation. The manuscript in preparation will focus on the theoretical and methodological 
aspects of this thesis discussed here (particularly the mapping of the two domains across both 
studies), and a discussion of the similarities and differences between the two studies, which is 
covered in the Project Summary section of this thesis.  
Designing a representative study 
The setting and tasks chosen for the laboratory study had to be sufficiently similar to the 
healthcare study that I could justify using the findings of the former to guide the design of the 
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latter, but also different enough to avoid encountering the same issues outlined in Phase 2. 
The laboratory study needed to involve a task that characterized the high-level cognitive-
perceptual properties of medication preparation and administration, but in a non-healthcare 
domain with good access to specialized professionals relevant to that domain. To find an 
appropriate context, I drew on components of representative design.8 
Egon Brunswik first introduced the concept of representative design in the 1950s. 
Representative design refers to the “arrangement of conditions of an experiment so that they 
represent the behavioural setting to which the results are intended to apply”.74 Rather than 
focusing on representing the ‘natural world’, it is more important to ensure that the properties 
of the conditions to which the researcher wishes to generalize to are adequately captured in 
the laboratory task.75 It is crucial to determine the conditions of generalizability prior to 
commencing an experiment, rather than after the experiment is completed.74 In discussing 
representativeness, Brunswik emphasised the need for random sampling of both subjects 
(participants) and objects (environments). Brunswik noted that in psychological research, 
participants are typically randomly sampled to represent the greater population; however, this 
approach is rarely applied to environmental factors. He argued that it is not appropriate to 
generalize findings to another environment if its properties have not been intentionally 
represented in the experiment. 
Representative design has been criticized for being time-consuming and costly, but since 
Brunswik’s time it has been argued that virtual or simulated worlds can provide sound 
platforms for representative experiments.76 Other researchers have argued that it is 
acceptable to use abstract representations when exploring high-level cognitive skills, focusing 
on optimising ‘psychological’ fidelity over ‘physical’ fidelity,77 and so potentially reducing the 
costs and resources required.78 In one example, Hansen et al.79 developed a simple computer 
game—“Gymnastic Girl”—to explore how people learn complex motor skills. This approach 
allowed the researchers to study cognitive processes of various work domains without having 
to recruit professionals from resource-intensive domains or simulate genuine work situations. 
To my knowledge, aspects of representative design have not yet been used to design 
laboratory-based formal pilot studies that guide the design and operationalization of field-
based studies. 
One potential issue with randomly sampling situations is that researchers may end up 
excluding unique environmental properties that support participants in performing a particular 
task successfully.74 A contrasting view to Brunswik’s ideas is that of J.J. Gibson,80 who 
believed that experimental tasks must be designed to allow the participant to perceive and act 
as they would in authentic settings. Randomly sampling the environment in an experiment may 
therefore result in a mismatch between participants’ behaviour and performance in a 
laboratory setting and the environment to which the researcher intends to generalize.74 
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My goal was to apply the findings of a laboratory simulation to a healthcare simulation, so I 
attempted to harness the high-level properties of the healthcare study in the laboratory study, 
in line with Brunswik’s8 concept of representative design. However, I did not randomly sample 
environmental tasks as Brunswik suggested, but instead sampled tasks that were analogous 
to the medication preparation and administration tasks that would be performed in the 
healthcare study, in line with Gibson’s80 views.  
The work of Rasmussen and colleagues81 relating to the boundaries of generalization 
possible with different kinds of experiments also influenced the design of the laboratory study. 
Rasmussen81 proposed that researchers should consciously specify and plan for a certain 
level of generalizability. Therefore, studies should be deliberately designed to generalize to 
pre-defined conditions so that a lack of generalizability to other conditions is less likely to be 
viewed as a limitation of the study.82 Woods’83,84 concept of the cognitive triad of authentic 
work was also influential in the design of the laboratory study. A simulation or ‘staged world’85 
must provide a balance between (a) the expertise of agents, (b) the authenticity of the tasks 
presented, while giving agents (c) tools to express their expertise and professional standards, 
even if in a low-fidelity setting. Smith et al.77 used a staged world of mixed physical fidelity to 
explore paramedics’ management strategies during challenging emergency situations, and 
found that it was a valid method for studying high-level cognitive skills.  
I considered several domains that would allow me to achieve all of the above properties, as 
well as a domain that had professional practitioners that would not be difficult to recruit. The 
domain of bartending and the associated task of cocktail making offered many of the above 
properties. Cocktail making shares similar cognitive-perceptual properties with medication 
preparation and administration, and is carried out by a specialized group – bartenders, 
although performed in a very different environment to healthcare. The task of cocktail making 
could be used as an analogous laboratory version of medication preparation and 
administration. The laboratory-based bartending study would include the same experimental 
manipulations, measure the same dependent variables, and test the same hypotheses as the 
healthcare study. Table 2 outlines the parallels between medication preparation and 
administration in a hospital ICU and cocktail making in a bar. 
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Table 2. Examples of high-level similarities between the ICU medication preparation and 
administration work domain and bar cocktail-making work domain. WM = working memory. 
 Work domain 
Domain dimension 
Hospital ICU 
Medication preparation and 
administration 
Bar Work 
Cocktail making 
Environment Noisy, interruptive, 
performance pressured 
Noisy, interruptive, high-tempo 
Controlled substances Medications and restricted 
drugs 
Alcohol of different qualities 
and value 
Production standards Medication accuracy and use 
of safe techniques 
Beverage accuracy and quality 
of presentation 
Perceptual motor skills Manual skills such as 
aspirating fluid bag 
Manual skills such as peeling 
lemon garnish 
Task structure Task with sub-steps that could 
be performed in different 
orders 
Task with sub-steps that could 
be performed in different 
orders 
High WM demands Medication type and dose, 
including calculations 
Alcohol type and amount, 
including calculations 
 
Operationalization of the bartending study 
I carefully designed the laboratory scenarios and interruptions to be as closely analogous 
as possible to the healthcare scenarios and interruptions, in terms of the theoretical 
requirements discussed above. First, I designed the physical environment of the simulation 
room, because the physical set-up would influence the flow of tasks in the scenarios. Second, 
I designed the cocktail making scenarios. Third, I designed the interruptions and incorporated 
them into the scenarios. 
Physical design and set-up of the simulation room. The first step of the design process 
was to map the physical environment across the bartending and healthcare domains, to 
ensure that both studies possessed similar physical properties. Since the tasks, tools, and 
environment differ between the two domains, minor adjustments were made to balance the 
need for similarity across physical environments and the need to preserve participants’ ability 
to harness their expertise. The simulation room would reflect the back of house of a cocktail 
bar, with a workstation where the participant would prepare the beverages. An ‘electronic 
beverage ordering system’ was created to add an order to a table’s bill once it was completed, 
similar to the EMR system in the ICU. The simulation room would also include a phone, fridge, 
freezer, and all equipment and materials to prepare the beverages.  
A separate closed-off ‘alcohol room’ was created as an analogue to an ICU medication 
room. Participants would be required to prepare all the alcohol servings needed for a particular 
beverage order in the alcohol room. A domain-specific rationale would be provided since an 
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alcohol room is not typical of a bar. Including an alcohol room in the simulation would allow for 
interruptions that require a change of context, which can subsequently result in primary task 
resumption issues.21  
Scenario design. The second step in designing the bartending study was to create the 
cocktail making scenarios and map them to the medication preparation and administration 
scenarios in the healthcare study. In the healthcare study, participants would prepare and 
administer 1-2 medications per scenario, so in the bartending study, participants would 
prepare 2 orders of multiple beverages per scenario, totalling 6 orders, because cocktails are 
quicker to prepare than intravenous medications. I chose well-known beverages so that 
participants would be familiar with them in general, but also so that I could include deviations 
from the typical recipes in some orders, to increase the task difficulty. For example, a martini is 
typically prepared with gin, but a ‘customer’ could request that gin be replaced with vodka. The 
beverages also varied in complexity, just as medications vary in complexity in healthcare. 
Table 3 provides a summary of the structural and functional similarities between the two 
studies. 
Table 3. Examples of structural and functional similarities between the bartending study and 
the healthcare study scenarios. TL = team leader. FOHW = front of house worker. 
 Simulation scenarios 
Scenario property Medication preparation and 
administration 
Cocktail making 
Layout Patient bedside, benches, plus 
medication room 
Preparation workstation plus 
alcohol room 
Personnel Confederate acting as TL Confederate acting as FOHW 
Structure of session Three conjoined scenarios of 
approximately 20 mins each 
Three conjoined scenarios of 
approximately 20 mins each 
Workload within 
scenarios 
1-2 medication orders per 
scenario 
2 table orders per scenario, with 
2–4 drinks per order 
Task Prepare and administer 
intravenous medications for 
patient, according to incoming 
orders 
Prepare alcoholic beverages for 
customers according to 
incoming orders 
Source of orders Electronic medical record system Electronic beverage ordering 
system  
 
Interruptions. The third and final step was to design and incorporate interrupting tasks into 
the scenarios. I planned to hire a confederate (actor) who would act as a Front of House 
Worker (FOHW) who had their own tasks to complete but would deliver most of the 
interruptions, similarly to the confederate who would act as a TL in the healthcare study. Other 
interruptions would come from the phone. Having already consulted the interruptions literature 
and ProM performance literature to design the interruptions for the healthcare study and 
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ensure their maximum disruptiveness, I designed and mapped the interruptions for the 
bartending study to those in the healthcare study, while simultaneously making them as 
authentic as possible for the bartending context, based on my own experiences working in 
hospitality. As in the healthcare study, I created 4 unique interruptions per scenario, totaling 12 
interruptions in total.  
Interruptions were precisely timed and designed to elicit cocktail errors—analogous to 
clinical errors in the healthcare study. Although interruptions could be dealt with in various 
ways, they were designed to be difficult to defer, multitask, or block. Table 4 presents the 
definition of a cocktail error, examples of cocktail errors, and a side-by-side comparison with 
clinical errors.  
Table 4. Definitions of clinical errors and cocktail errors, and examples from each context. 
Clinical/Cocktail 
error 
Medication Preparation and 
Administration 
Cocktail Making 
Definition Any deviation from the medication 
order or procedure that would 
result in the patient directly 
receiving a medication 
inconsistent with what they were 
prescribed 
Any deviation from the beverage’s 
ingredients or procedure that 
would result in the customer 
directly receiving a beverage 
inconsistent with what they 
ordered 
Examples Wrong drug 
Wrong dose of drug 
Wrong alcohol 
Wrong serving of alcohol 
 
Novel contributions of the bartending study 
Although the bartending study was primarily intended to guide the design and 
operationalization of the healthcare study, it stands on its own as a medium-fidelity prospective 
controlled trial that would also contribute to the interruptions literature in three novel and 
significant ways.  
First, the study would be one of the first controlled trials to investigate the effect of a lower 
versus higher number of interruptions on errors in a simulated work environment where 
participants have considerable discretion over when and how to carry out their activities. A 
plethora of laboratory studies suggests that interruptions are associated with prospective 
memory failures,58 performance decrements,64 and increased time to complete tasks.56 
Despite a large body of literature surrounding the disruptive effects of interruptions on 
performance,86 there is minimal evidence that more interruptions cause more errors. The 
bartending study would provide better insight into the potential cause-effect relationship 
between interruptions and errors than existing laboratory studies. 
Second, studies that do suggest interruptions result in errors—and other performance 
decrements—involve the participant performing simple computer-based primary tasks and 
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receiving equally simple precisely-timed computer-based interrupting tasks that are 
unavoidable.43 Such studies work under the assumption that an individual will immediately 
cease their primary task when prompted with an interruption, but this is overly simplified for 
complex work domains, where healthcare workers use their clinical judgment to decide 
whether to engage, multitask, defer, or block an interruption.18,77,87 Forcing participants to 
engage with interruptions may result in behavior and performance that is not generalizable to 
nurses’ behavior and performance in the healthcare study.8,74 
The above studies are highly controlled and demonstrate robust findings; however, they 
have low representativeness to authentic work environments, making it difficult to generalize 
the findings to contexts outside the laboratory.88 Specifically, findings from these studies 
probably do not generalize to authentic work environments where tasks and interruptions are 
not exclusively computer-based, where interruptions come from several sources, and where 
individuals can use different interruption handling strategies. The current study would better 
represent genuine work settings with a medium-fidelity work environment and diverse primary 
tasks and interrupting tasks relevant to that context. 
Third, the interruptions designed for the current study would be relevant to the “frame” of 
the study, and representative of interruptions that could actually occur in the bartending 
domain. Scenario-relevant interruptions are rarely used in laboratory studies. Although some 
researchers have examined the effect of interruptions on everyday task performance, the 
interruptions themselves tend to be artificial to the situation.44,54,61 For example, Botvinick and 
Bylsma54 interrupted participants as they made cups of coffee; however, the interrupting tasks 
were immediate and compulsory mathematical problems that did not bear any relevance to the 
coffee-making scenario. In the current study, interruptions would be realistic and relevant to 
the bartending scenarios. Interruptions would still be precisely timed to ensure they arrived at 
the most disruptive points and to preserve experimental control, but they would be delivered in 
a natural-appearing manner.88 Scenario-relevant interruptions may (a) affect the degree to 
which the interruption affects the participant’s performance, (b) more effectively conceal the 
research aims to the participant, and (c) make the findings more generalizable to complex 
work systems.  
In addition, as noted above, the bartending study contributes to the psychological literature 
more generally. I considered that laboratory studies (guided by aspects of representative 
design) could also be used for other types of research that can be challenging in clinical 
contexts—for example, intervention development. This may have positive implications for 
researchers facing similar issues and constraints when designing field-based studies. For 
example, researchers could evaluate interventions designed for the field in a lower-fidelity 
laboratory environment, with scenarios that have been carefully mapped to the field-based 
scenarios for which the intervention is intended. This method could allow for modifications of 
24 
the intervention to be tested more easily while preserving resources. Currently, most 
interruption-focused intervention studies in healthcare are carried out in the field, but 
researchers could move preliminary evaluations of interventions to a laboratory context, 
provided the cognitive and perceptual demands of the healthcare tasks are represented in the 
laboratory tasks.88  
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Phase 4: Conduct a zero-interruptions baseline study for the first power analysis 
 
Since the purpose of the bartending study was to act as a formal pilot study preceding the 
healthcare study, it was important to also conduct a pilot study for the bartending study, so that 
a statistical power analysis could be performed. Therefore, in Phase 4, I ran the bartending 
study with no interruptions to determine the baseline rate for cocktail errors, and integrated this 
data with observational data from the literature to estimate the required sample size for the 
main bartending study. This zero-interruptions bartending study was identical to the main 
bartending study in terms of scenario content, tasks, and timing, except that no interruptions 
occurred. Details of the method are covered more extensively in Manuscript 1. 
Prior to conducting the zero-interruptions bartending study, I tested the feasibility of 
delivering a large number of interruptions in a relatively short amount of time. I did not want to 
make adjustments to the scenarios after the zero-interruptions bartending study was 
completed, because I wanted both of the bartending studies to have identical scenarios. Thus, 
I needed to know whether delivering all 12 interruptions was feasible before carrying out the 
zero-interruptions bartending study. As a result, any changes to the scenarios could be applied 
to both studies. Piloting suggested that 12 interruptions could be delivered without 
compromising the realism of the scenarios, providing reassurance that I would not have to 
make changes to the scenarios for the main bartending study. 
Outcome:)Current)evidence)of)
a)causal)rela4onship)between)
interrup4ons)and)errors)is)
weak.)A)controlled<trial)was)
designed)to)ﬁll)this)literature)
gap,)but)I)needed)to)know)the)
required)sample)size.)
Phase)1:)
Review)and)
evaluate)the)
current)
evidence)
base)of)the)
rela4onship)
between)
interrup4ons)
and)errors.))
Phase)2:)
Design)the)
major)
aspects)of)
the)
healthcare)
study.))
Aim)2:)Design)a)laboratory<
based)simula4on)study)to)act)as)
a)formal)pilot)study)preceding)
the)healthcare)simula4on)study.)
Outcome:)The)task)of)cocktail)
making)was)chosen)as)an)
analogue)to)medica4on)
prepara4on)and)
administra4on.)This)allowed)
for)formal)pilot)tes4ng)and)
explora4ons)while)avoiding)
some)of)the)issues)
encountered)while)designing)
the)healthcare)study.))
Phase)3:)Map)the)high<level)
proper4es)of)the)healthcare)
study)to)the)laboratory)study,)
using)components)of)
representa4ve)design.))
Aim)3:)Conduct)the)laboratory)
study)to)determine)the)required)
sample)size)for)the)healthcare)
study,)and)inves4gate)whether)a)
causal)rela4onship)exists)
between)interrup4ons)and)
errors)in)other)non<healthcare)
work)contexts.))
Aim)1:)Design)a)simula4on)study)
to)inves4gate)the)poten4al)
causal)rela4onship)between)
interrup4ons)and)errors)in)the)
Intensive)Care)Unit)(ICU).)
Aim)4:)Conduct)the)healthcare)
simula4on)study)to)determine)
whether)increases)in)the)
frequency)of)workplace)
interrup4ons)cause)increases)in)
the)occurrence)of)clinical)errors)
and)procedural)failures.)
Outcome:)In)line)with)the)
laboratory)study,)results)
revealed)that)more)
interrup4ons)lead)to)more)
clinical)errors)and)procedural)
failures.))
Phase)6:)Finalize)the)design)
and)conduct)a)controlled)trial)
in)a)high<ﬁdelity)ICU)simulator.)
Manuscript)2:)Interrup(ons+to+
intensive+care+nurses+and+
clinical+errors+and+procedural+
failures:+A+controlled+study+of+
causal+connec(on.)))
Outcome:)36)par4cipants)were)
required)for)the)main)lab)study)
and)66)were)required)for)the)
healthcare)study.)Results)
revealed)that)more)
interrup4ons)lead)to)more)
cocktail)errors.)
Phase)4:)
Conduct)a)
zero<
interrup4ons)
study)in)a)
medium<
ﬁdelity)
bartending)
simulator.))
Manuscript)1:)The+eﬀect+of+
interrup(ons+on+errors+in+a+
simulated+work+environment:+A+
controlled+study+seeking+a+
causal+connec(on.))
Phase)5:)
Conduct)a)
controlled)
trial)in)a)
medium<
ﬁdelity)
bartending)
simulator.)
26 
Method 
Design and participants. The study included no independent variables because it was 
simply identifying a base rate of performance without interruptions. The dependent variable 
was cocktail errors, as described in Phase 3. Ten bartenders from the general population 
volunteered to participate. Participants were required to have at least one month of bartending 
experience and were either currently working as a bartender or had gained experience in the 
past. 
Simulation setup. The simulation room was set up to represent the back of house of a 
cocktail bar with a workstation, alcohol room, electronic beverage ordering system installed on 
a computer, phone that connected to a phone in the control room, and all scenario-relevant 
equipment and materials. An audio track with background music and bar crowd noises played 
continuously at low volume and low treble to create an ambience of bar noise in a nearby 
room. I was located in a control room that was connected to the simulation room via one-way 
glass. Here, I coordinated the scenarios and communicated with the confederate via walkie 
talkie. The confederate and I strictly adhered to a detailed scenario script (a brief version of the 
script is appended at the end of this thesis, with interruptions for the main bartending study 
included). The confederate, acting as the FOHW, provided training/familiarisation, helped 
participants when required, entered and exited the room as scripted, and had their own tasks 
to complete in the scenario. Video and audio footage of the simulation room were 
synchronized, recorded, and streamed live.  
Scenario design and procedure. Each participant performed cocktail making tasks in 
three scenarios that were joined to form a continuous bartending experience, so that all 
participants experienced the scenario events in the same order. Depending on each 
participant’s pace, the whole experiment could last between 2-3 hours, including training and 
familiarization.  
Prior to commencement, participants were told that the researchers were interested in 
workflow and team communication to (a) avoid any expectancy effects related to the 
interruptions and (b) prime the participants to FOHW interactions throughout the study. The 
FOHW showed the participant around the simulation room, provided background information 
about the simulated scenario (to enhance the “frame”), and trained the participant on all 
beverages and procedures. Some of the procedures were slightly unusual but necessary to 
ensure that participants performed their tasks in a particular order so that the interruptions 
could be delivered at the right times in the main bartending study. Context-relevant 
justifications were provided for such procedures. For example, participants were told that the 
alcohol room was created to ensure the regulation of spirits after discovering that some staff 
members had been stealing alcohol. 
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Participants viewed table orders on the electronic beverage ordering system and would 
prepare beverages for one table order at a time. The FOHW had their own scenario-relevant 
tasks to complete during the scenarios (Figure 2); however, when a participant signified that a 
table’s order was complete, the FOHW would deliver the beverages to the ‘customers’ by 
exiting the room with the beverages and discarding of them. At the end of the testing session, 
participants completed a demographic survey and workload questionnaire, and answered 
questions about the FOHW. I recorded any cocktail errors that I detected live during the 
experiment, and completed a highly detailed analysis of the video footage after the experiment 
(including details of each error and flow of scenarios). 
 
Figure 2. Part of a scenario in the zero-interruptions bartending study. Front of house worker 
(front left) polishes glasses while participant (back right) prepares beverages. Electronic 
beverage ordering system is at left. Alcohol room is located behind the partitions on the right.  
Results and power analysis for the main bartending study 
To calculate a cocktail error rate, I determined the number of beverages that contained at 
least one cocktail error and divided it by the total number of beverages each participant made, 
which was 18. This process reflected the approach taken by Westbrook et al.3 who calculated 
the risk of at least one clinical error per patient per medication administration. Participants 
could detect and correct any errors they had committed before the beverages were delivered 
to the ‘customers’. The error rate referred to the final product delivered to the ‘customer’, so 
corrected errors were excluded from this analysis.  
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Participants committed 0-5 cocktail errors per beverage, and 5-24 cocktail errors overall. 
On average, 43.9% of beverages contained at least one cocktail error (SD = 18.4%). In their 
observational study, Westbrook et al.3 found that nurses were 12.7% more likely to commit a 
clinical error with each subsequent interruption during a medication administration. Under the 
assumption that cocktail errors are analogous to clinical errors, I predicted the rate at which 
participants would commit cocktail errors when they received 1 versus 4 interruptions per 
scenario, based on Westbrook et al.’s findings (Table 5).  
An effect size was calculated comparing estimated cocktail error rates with 1 versus 4 
interruptions per scenario (d = 1.16) and a power analysis was performed with 2-tails, α = 
.025, and 80% power. The required sample size for the main bartending study was 36, with 18 
participants in each condition.  
Table 5. Estimates of average cocktail error rates per scenario (excluding corrected errors) if a 
participant receives 0-4 interruptions in a scenario. Values for 0 interruptions are from the 
zero-interruptions bartending study. Each error rate for 1-4 interruptions is estimated by adding 
12.7% of itself to the previous value. 
       Number of interruptions per scenario 
 0  1 2 3 4 
Average no. of beverages with at least one 
cocktail error (of 18) 7.9  8.9 10.0 11.3 12.7 
Cocktail error rate (%) 43.9  49.5 55.8 62.8 70.8 
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Phase 5: Conduct a controlled trial in a medium-fidelity bartending simulator 
 
The purpose of Phase 5 was to carry out the main bartending study with participants 
receiving either 3 interruptions (1 per scenario) or 12 interruptions (4 per scenario). The study 
was identical to the bartending study described in Phase 4, but it now included the two 
interruptions conditions. The primary hypothesis was that participants who were interrupted 12 
times would commit significantly more cocktail errors than participants who were interrupted 3 
times. Focal results are presented here, but a more detailed coverage of exploratory analyses 
can be found in Manuscript 1.  
Method 
Design and participants. The study was controlled-trial with alternately-allocated parallel 
groups. Participants received either 3 interruptions (1 per scenario) or 12 interruptions (4 per 
scenario). Based on the power analysis from Phase 4, I recruited 37 bartenders from the 
general population. Inclusion criteria were identical to the zero-interruptions bartending study.  
Simulation setup. This was identical to the zero-interruptions bartending study. 
Scenario design and procedure. The scenarios and procedure were identical to the zero-
interruptions bartending study, with the addition of interruptions, primarily delivered by the 
FOHW (see Figure 3 for an example). Table 6 provides a description of each interrupting task, 
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the primary task at the time of the interruption, and the theoretical justification for the 
combination of the primary and interrupting tasks.  
Participants who were in the 3-interruptions condition did not receive interruptions that 
shared similar properties (for example, a participant in this condition would not receive two 
phone calls). I created several combinations of 3 interruptions so that all of the interruptions 
were evenly sampled in this condition. Video analysis was identical to the zero-interruptions 
bartending study, with the additional coding of each interruption. A research assistant 
independently coded 10% of the video footage to assess the degree of inter-rater reliability for 
cocktail errors. 
 
Figure 3. Example of an interruption. FOHW (right) asks participant (left) a question while she 
is making a beverage.  
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Table 6. D
escriptions of each interruption and the associated prim
ary task that w
as interrupted.  
S
cenario 
and 
interruption 
B
everage/task 
P
rim
ary task at tim
e of 
interruption 
Interruption description 
Theory behind prim
ary task 
and interruption 
com
bination 
Scenario 1 
 
 
 
1 
M
argarita 
Filling cocktail shaker w
ith 
ice 
FO
H
W
 asks participant to m
ake a lim
e peel 
garnish that w
as left off a previously m
ade 
drink 
N
o interruption lag (i.e., 
garnish m
ust be m
ade 
im
m
ediately) 60 
2 
M
artini 
Taking chilled m
artini glass 
out of fridge 
FO
H
W
 asks participant to read out codes 
on the back of select bottles in alcohol room
 
and in fridge 
C
ontext change (i.e., 
w
orkstation to alcohol 
room
) 21 
3 
M
ojito 
G
etting 5 m
int leaves from
 
fridge 
FO
H
W
 asks participant to count how
 m
any 
lem
ons and lim
es are in the fridge and w
hat 
brand they are 
S
im
ilarity betw
een tasks 
(i.e., counting) 65 
4 
M
artini 
S
tirring contents of cocktail 
shaker 
FO
H
W
 discovers a custom
er is m
issing a 
sparkling w
ater so asks participant to m
ake 
one 
C
om
plexity (i.e., 
rem
em
bering how
 to m
ake 
sparkling w
ater) 56 
Scenario 2 
 
 
 
5 
M
ojito 
P
lacing lim
e w
heel garnish 
on glass 
FO
H
W
 asks participant to check how
 m
uch 
vodka is left in the alcohol room
 
C
ontext change (i.e., 
w
orkstation to alcohol 
room
) 21 
6 
M
argarita (no 
salt on rim
) 
S
haking cocktail shaker 
FO
H
W
 brings polished glasses over to 
w
orkspace and asks participant to help put 
them
 aw
ay 
H
igh w
orkload (i.e., 
rem
em
bering how
 m
any 
seconds of shaking 
rem
ain) 36 
7 
M
easuring 
alcohol servings 
for all beverages 
M
easuring alcohol servings 
for all beverages 
P
hone call from
 supervisor (voiced by 
experim
ental coordinator) asking w
here 
FO
H
W
 is 
C
ontext change (i.e., 
alcohol room
 to 
w
orkstation), 21 high 
w
orkload (i.e., rem
em
bering 
w
hich alcohol servings to 
m
ake) 36 
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8 
M
argarita 
R
unning lim
e quarter 
around rim
 of glass 
FO
H
W
 receives w
alkie talkie call that 
custom
er spilt glass of w
ine on them
selves 
so asks participant to m
ake a new
 one 
N
o interruption lag (i.e., 
w
ine m
ust be m
ade 
im
m
ediately) 60 
Scenario 3 
 
 
 
9 
M
easuring 
alcohol servings 
for all beverages 
M
easuring alcohol servings 
for all beverages 
P
hone call from
 FO
H
W
 asking participant to 
confirm
 drink orders on com
puter 
C
ontext change (i.e., 
alcohol room
 to 
w
orkstation), 21 high 
w
orkload (i.e., rem
em
bering 
w
hich alcohol servings to 
m
ake) 36 
10 
Lem
on m
ojito 
P
ouring rum
 into glass 
FO
H
W
 returns w
ith previously m
ade 
sparkling w
ater because custom
er 
requested a shot of vodka in it. A
sks 
participant to add shot of vodka to glass 
C
ontext change (i.e., 
w
orkstation to alcohol 
room
), 21 no interruption lag 
(i.e., vodka m
ust be 
collected im
m
ediately) 60 
11 
V
odka m
artini 
M
aking lem
on peel garnish 
FO
H
W
 brings m
ore polished glasses over to 
w
orkspace and asks participant to help put 
them
 aw
ay 
N
o visual cue of prim
ary 
task (i.e., garnish not m
ade 
yet) 71 
12 
W
hite w
ine 
P
ouring second glass of 
w
ine 
FO
H
W
 returns w
ith lem
on m
ojito, explains 
that lem
on w
heel garnish fell off and asks 
participant to m
ake a new
 one 
N
o interruption lag (i.e., 
garnish m
ust be m
ade 
im
m
ediately) 60 
N
ote: FO
H
W
 = front of house w
orker. 
N
ote: all interruptions occurred m
id-task and w
ere as long as feasible. 
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Results 
Data preparation and checks. The final sample size was 36—one participant was 
excluded from all analyses because they did not understand the instructions due to limited 
English proficiency. I checked for any potential confounders by comparing demographic 
variables across the two interruptions conditions, but there was no evidence of demographic 
imbalances. Demographics across the two groups can be seen in Table 5 of Manuscript 1.  
In 2 cases, I was not able to deliver 1 out of the 12 interruptions due to technical difficulties 
or timing issues. The rest of the interruptions were delivered successfully. Most of the time, 
participants chose to engage with the interruptions. Distributions of interruption handling 
strategies across the two conditions can be seen in Table 6 of Manuscript 1. 
In the zero-interruptions bartending study described in Phase 4, I had calculated a cocktail 
error rate so that the data were comparable with Westbrook et al.’s3 clinical errors, in order to 
use their value of 12.7% to estimate the rates of errors with 1 versus 4 interruptions per 
scenario. However, in the current study, I left cocktail errors as count data so that (a) a 
Poisson regression model could be used to obtain the rate ratio of the effect of a differing 
number of interruptions on cocktail errors, (b) the measure would be more sensitive because 
participants could commit more than one cocktail error per beverage, and (c) corrected errors 
could be included, since I was more interested in the direct impact of interruptions on errors 
than the final product that was delivered to the ‘customers’. 
In determining the inter-rater reliability of the video coding, Cohen’s Kappa revealed a 
strong level of agreement between the research assistant and myself, ĸ = .92, p < .001. 
Residuals analyses were conducted on all data to ensure the correct statistical tests were 
performed and no statistical assumptions were violated. The cocktail error data were 
overdispersed, meaning that the variances were larger than the means for each group, but I 
corrected for the overdispersion in the analyses. Questionnaire data were not in count form so 
parametric tests were used with transformations applied as needed. 
Relationship between interruptions and cocktail errors. Participants who received 12 
interruptions committed cocktail errors 1.44 times (95% CI [1.03, 2.00]) more frequently than 
participants who received 3 interruptions, p = .031 (Figure 4 and Error! Reference source not 
found.). Examples of the different types of cocktail errors that participants committed can be 
seen in Table 7. When corrected errors were removed from the analysis, the rate ratio of 
interruptions on errors remained unchanged, but the effect was non-significant, p = .071. 
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Figure 4. Relationship between interruption frequency and cocktail errors. Error bars represent 
95% confidence intervals. 
Table 7. Examples of cocktail errors observed. 
Error category Examples of errors 
Incorrect Measured wrong amount of alcohol  
Used wrong alcohol in cocktail 
Stirred cocktail that was meant to be shaken 
Omission Did not garnish cocktail with lemon/lime peel  
Did not garnish rim of glass with salt 
Did not muddle contents of glass 
Workflow Beverages made in wrong order 
Beverages made simultaneously 
 
Power analysis for healthcare study. An effect size was calculated comparing the mean 
number of cocktail errors committed with 1 versus 4 interruptions per scenario (Table 9, d = 
0.73) and a power analysis was performed with 2-tails, α = .025 (to account for a second 
dependent variable of procedural failures), and 80% power. The required sample size for the 
healthcare study was 66, with 33 in each condition.  
Exploratory analyses. In healthcare, clinical errors can vary in their degree of severity. 
Similarly, cocktail errors can vary in severity. All cocktail errors were categorized into one of 
five severity ratings and further classified as a minor error or a major error, based on the 
categorizations for clinical errors in healthcare (Table 8, adapted from Westbrook et al.3). 
Three independent bartenders rated the severity of a sample of cocktail errors and the ratings 
of all cocktail errors were adjusted accordingly before performing the statistical analyses. I 
considered whether a higher number of interruptions not only lead to more errors committed, 
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but whether those errors were more severe. However, average cocktail error severity ratings 
did not differ between interruption conditions, t(34) = 1.06, p = .297, nor did the number of 
major errors committed, p = .822 (Table 9).  
Table 8. Description of cocktail error severity ratings and the associated description and 
category.  
Severity 
Rating 
Description Category of error 
1 Incident is likely to have little or no effect on the beverage Minor 
2 Incident is likely to reduce the quality of the beverage (i.e., 
taste, presentation) but not necessarily lead to a customer 
query 
Minor 
3 Incident is likely to lead to customer dissatisfaction with the 
beverage (e.g., querying the beverage 
ingredients/presentation/procedure) 
Major 
4 Incident is likely to lead to customer dissatisfaction with the 
beverage (e.g., returning the beverage for replacement) but 
may not deter the customer from returning 
Major 
5 Incident is likely to lead to extreme customer dissatisfaction 
with the beverage (e.g., complaint to manager) with minimal 
chance of that customer returning 
Major 
Table 9. Descriptive statistics for cocktail errors under 3-interruptions and 12-interruptions 
conditions. 
 3-interruptions  12-interruptions 
Mean 95% CI  Mean 95% CI 
Cocktail errors (including corrected errors) 10.94 [7.95, 13.94] * 15.72 [12.18, 19.26] 
Cocktail errors (excluding corrected errors) 8.67 [5.78, 11.55]  12.50 [9.11, 15.89] 
Error severity rating (out of 5) 2.94 [2.79, 3.08]  2.82 [2.65, 3.00] 
Count of major errors  7.00 [5.22, 8.78]  8.89 [7.00, 10.78] 
* = significant difference between interruptions conditions. 
 
Questionnaire analyses. Manuscript 1 includes all the questionnaire analyses. The key 
finding was that ratings of subjective frustration were higher for participants who were 
interrupted 12 times compared to participants who were interrupted 3 times, t(34) = 2.87, p = 
.007. There were no other differences in subjective workload or ratings of FOHW distraction 
and annoyingness. Written feedback indicated that the simulated scenario was realistic and at 
times stressful, yet less complex than authentic work. 
Discussion 
Summary of findings. Results revealed that bartenders who received a higher number of 
interruptions committed significantly more cocktail errors than bartenders who received a lower 
number of interruptions. Therefore, this study points to a causal connection between 
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interruptions and errors in a simulated work setting, and offers a significant contribution to the 
literature. Specifically, this study was one of the first to use scenario-relevant interruptions and 
to investigate the effect of a lower versus higher number of interruptions on performance. As a 
result, the findings build on previous research suggesting interruptions negatively affect 
performance on simple computer-based laboratory tasks43,86 and everyday tasks,44,54,61 by 
replicating this pattern in a simulated work setting. The current study demonstrated that 
subject-matter experts who are carrying out work relevant to their profession and receiving 
work-related interruptions, will commit more errors as the number of interruptions increases, 
even though they are free to deal with the interruptions as they please. The findings may 
generalize to other ‘hands on’ work environments where interruptions are a frequent yet 
accepted part of work.  
Limitations. The study has several limitations that may reduce its representativeness and 
generalizability. First, participants were aware they were being watched via video cameras and 
one-way glass, which could have made participants feel nervous or uneasy. Second, the 
sometimes unfamiliar tools and procedures used in the study may have conflicted with 
participants’ usual way of performing work tasks. Third, participants were working in an 
unusual context that required a significant amount of familiarization and training. Fourth, 
participants did not know the FOHW as well as they would know their own work colleagues, 
and thus may not have felt as comfortable interacting with her. Fifth, it was not possible to fully 
simulate interruptions from a wide variety of sources. For these reasons, participants’ 
behaviour may have been unnatural or inauthentic, and cocktail error rates observed in the 
study may not represent cocktail error rates observed in authentic bartending situations.  
Next steps. The primary reason for conducting this study was to calculate a statistical 
power analysis to determine the required sample size for the healthcare study. The findings 
revealed a minimum of 66 participants were required to find a significant effect of interruptions 
on errors, if one existed in healthcare. Since the laboratory findings support a causal 
relationship between interruptions and errors, it was plausible that a similar effect would be 
observed in the healthcare study, especially given the similar high-level properties of the two 
contexts.  
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Phase 6: Finalize the design and conduct a controlled trial in a high-fidelity Intensive 
Care Unit (ICU) simulator 
 
In the final phase of this program of research, I carried out the healthcare simulation study 
to test the conjecture that more workplace interruptions to nurses lead to more medical errors. 
At this stage, I had designed the high level properties of the scenarios and interruptions, tested 
whether delivering 12 interruptions was feasible and realistic, conducted a statistical power 
analysis to determine the required sample size, and tested the hypothesis in a non-healthcare 
context.  
Once access to the hospital testing room was granted, I was able to finalize the fine-
grained details of the scenarios and interruptions. A significant amount of coordination and 
planning ensured that this simulation ran smoothly. First, I worked closely with a clinical 
research nurse who would play the role of the TL and who provided subject matter expertise 
during the final stages of the scenario and interruption planning to ensure they were realistic 
and familiar to the nurses who would participate. This step took a substantial amount of time to 
ensure that the scenario ‘frame’ was believable and that the nurses would accept the intricate 
scenario narrative. Second, I set up the simulation room to reflect a bedspace and medication 
room, and included all materials necessary for the scenario tasks. Third, I hired a senior nurse 
who would look after the participant’s patient so that the unit was not impacted by the study. 
Fourth, the research assistant from the laboratory studies was re-hired to voice the simulated 
Aim$3:$Conduct$the$laboratory$
study$to$determine$the$required$
sample$size$for$the$healthcare$
study,$and$inves<gate$whether$a$
causal$rela<onship$exists$
between$interrup<ons$and$
errors$in$other$non@healthcare$
work$contexts.$$
Outcome:$Current$evidence$of$
a$causal$rela<onship$between$
interrup<ons$and$errors$is$
weak.$A$controlled@trial$was$
designed$to$ﬁll$this$literature$
gap,$but$I$needed$to$know$the$
required$sample$size.$
Phase$1:$
Review$and$
evaluate$the$
current$
evidence$
base$of$the$
rela<onship$
between$
interrup<ons$
and$errors.$$
Phase$2:$
Design$the$
major$
aspects$of$
the$
healthcare$
study.$$
Aim$2:$Design$a$laboratory@
based$simula<on$study$to$act$as$
a$formal$pilot$study$preceding$
the$healthcare$simula<on$study.$
Outcome:$The$task$of$cocktail$
making$was$chosen$as$an$
analogue$to$medica<on$
prepara<on$and$
administra<on.$This$allowed$
for$formal$pilot$tes<ng$and$
explora<ons$while$avoiding$
some$of$the$issues$
encountered$while$designing$
the$healthcare$study.$$
Phase$3:$Map$the$high@level$
proper<es$of$the$healthcare$
study$to$the$laboratory$study,$
using$components$of$
representa<ve$design.$$
Aim$1:$Design$a$simula<on$study$
to$inves<gate$the$poten<al$
causal$rela<onship$between$
interrup<ons$and$errors$in$the$
Intensive$Care$Unit$(ICU).$
Outcome:$In$line$with$the$
laboratory$study,$results$
revealed$that$more$
interrup<ons$lead$to$more$
clinical$errors$and$procedural$
failures.$$
Phase$6:$Finalize$the$design$
and$conduct$a$controlled$trial$
in$a$high@ﬁdelity$ICU$simulator.$
Manuscript$2:$Interrup(ons+to+
intensive+care+nurses+and+
clinical+errors+and+procedural+
failures:+A+controlled+study+of+
causal+connec(on.$$$
Outcome:$36$par<cipants$were$
required$for$the$second$lab$
study$and$66$were$required$for$
the$healthcare$study.$Results$
revealed$that$more$
interrup<ons$lead$to$more$
cocktail$errors.$
Phase$4:$
Conduct$a$
zero@
interrup<ons$
study$in$a$
medium@
ﬁdelity$
bartending$
simulator.$
Phase$5:$
Conduct$a$
controlled$
trial$in$a$
medium@
ﬁdelity$
bartending$
simulator.$
Manuscript$1:$The+eﬀect+of+
interrup(ons+on+errors+in+a+
simulated+work+environment:+A+
controlled+study+seeking+a+
causal+connec(on.$$
Aim$4:$Conduct$the$healthcare$
simula<on$study$to$determine$
whether$increases$in$the$
frequency$of$workplace$
interrup<ons$cause$increases$in$
the$occurrence$of$clinical$errors$
and$procedural$failures.$
38 
patient manikin to provide an extra layer of realism and an additional source of interruptions. 
Finally, the testing room we were allocated was not set up as a simulation room, so an 
electrical engineer was hired to set up the video and audio capture and recording. Details of 
the method and results are covered more extensively in Manuscript 2. 
Hypothesis 1 was that nurses who received 12 interruptions would commit significantly 
more clinical errors than nurses who received 3 interruptions. Hypothesis 2 was that nurses 
who received 12 interruptions would commit significantly more procedural failures than nurses 
who received 3 interruptions.  
Method 
Design and participants. The study was a controlled-trial with alternately-allocated 
parallel groups. Participants received either 3 interruptions (1 per scenario) or 12 interruptions 
(4 per scenario). The focal dependent variables were clinical errors and procedural failures, as 
defined in Phase 2. Seventy-one nurses volunteered to participate from a single ICU, based 
on the power analysis from Phase 5. Participants were required to have at least 6 months of 
registered nursing experience.  
Simulation setup. The simulation room was set up to represent an ICU bedspace with a 
medication room, EMR system installed on a computer, a phone that connected to a mobile 
phone in the control room, and all equipment and materials that would typically be found at a 
bedspace. The patient was simulated with a low-functioning manikin and was voiced by a 
research assistant in the control room with a microphone connected to a loud speaker in the 
simulation room. I was situated in a control room that was directly outside the simulation room, 
and I viewed activity in the simulation room through live video streaming. Here, I (a) 
coordinated the scenarios, (b) provided instructions to the research assistant who voiced the 
patient and all phone-based characters, (c) communicated with the TL via an earpiece, and (d) 
answered any questions the participant had over the loud speaker. The TL entered and exited 
the room as scripted to deliver interruptions and provide assistance to the participant when 
requested (for example, to perform drug checks). The confederate, research assistant, and I 
followed a highly detailed scenario script, appended at the end of this thesis. 
Video and audio of the simulation room were synchronized, recorded, and streamed live. I 
recorded any clinical errors and procedural failures that I detected live during the experiment. 
In addition, the TL and I checked pump programming, labels, and documentation for any 
further errors after each testing session. I completed a highly detailed analysis of the video 
footage after the experiment, including details of each interruption, clinical error, procedural 
failure, and flow of scenarios (further details are appended at the end of this thesis). A 
research assistant independently coded 10% of the video footage to assess the degree of 
inter-rater reliability for clinical errors and procedural failures. 
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Scenario design and procedure. Each participant performed medication preparation and 
administration tasks in three scenarios that were joined to form a continuous nursing 
experience, and all participants experienced the scenario events in the same order. 
Depending on each participant’s pace, the whole experiment lasted between 1-2.5 hours.  
Similarly to the bartending study, participants were told that the researchers were 
interested in workflow and team communication. I showed the participant around the 
simulation room, explained the processes and procedures, and provided a patient handover. 
Participants viewed medication orders on the EMR system and prepared and administered 
one medication at a time.  
Each scenario included 1 or 4 interruptions (totaling 3 or 12 interruptions overall). 
Interruptions were delivered by the TL, phone, patient, and equipment (see Figure 5 for an 
example). Table 10 provides a description of each interrupting task, the primary task at the 
time of the interruption, and the theoretical justification for the combination of the primary and 
interrupting tasks. As in the bartending study, participants in the 3-interruptions condition 
received interruptions that had different properties. Participants also completed a demographic 
survey and NASA-TLX subjective workload questionnaire, and answered questions about the 
simulation and TL. 
 
Figure 5. Example image of interruption #6. Participant (left) finds blood collection materials at 
the request of the confederate ACCESS nurse (right). 
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Table 10. D
escriptions of each interruption and the associated prim
ary task that w
as interrupted.  
S
cenario 
and 
Interruption 
M
edication 
P
rim
ary task at tim
e of 
interruption 
Interruption description 
Theory behind prim
ary task 
and interruption com
bination 
Scenario 1 
 
 
 
 
1 
S
aline fluids 
P
reparing fluids infusion 
TL asks if there is anything she can get 
participant from
 the m
edication room
. 
E
xpectation: participant requests heparin or 
TL offers to get heparin 
H
igh w
orkload (i.e., 
rem
em
bering w
hich 
m
edications need to be 
prepared) 36 
2 
Insulin infusion 
C
onsulting insulin infusion 
rate algorithm
 
P
atient com
plains of discom
fort from
 the 
central line on his neck. E
xpectation: 
participant readjusts position of lines 
C
ontext change (i.e., 
com
puter to bedspace) 21 
3 
Insulin infusion 
P
reparing insulin infusion 
TL asks if patient has had a chest X
-ray, and 
tells participant to call radiology to follow
 up. 
E
xpectation: participant calls radiology 
C
ontext change (i.e., 
bedspace to phone), 21 high 
w
orkload (i.e., rem
em
bering 
current step insulin infusion 
rate) 36 
4 
Insulin infusion 
P
rogram
m
ing insulin 
infusion pum
p 
M
onitor alarm
s because oxygen saturation 
drops to 70%
. E
xpectation: participant 
silences alarm
 and re-attaches pulse 
oxim
eter peg to patient’s finger (TL rem
oved 
prior w
hen participant w
as not looking) 
N
o interruption lag (i.e., 
reason for alarm
 m
ust be 
investigated im
m
ediately) 60 
Scenario 2 
 
 
 
 
5 
H
eparin infusion/ 
bolus 
C
onsulting heparin policy 
and calculating infusion 
rate and bolus dose 
In charge nurse calls to offer an early shift 
finish and asks how
 everything is going. 
E
xpectation: participant accepts phone call 
H
igh w
orkload (i.e., 
rem
em
bering step in 
calculations) 36 
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6 
H
eparin infusion/ 
bolus 
P
reparing heparin 
infusion/bolus 
TL notifies participant that one of the patient’s 
blood tests w
asn’t collected properly and 
offers to re-take it as w
ell as a blood gas (for 
blood sugar level). TL asks participant w
here 
the blood collection tubes are. E
xpectation: 
participant hands the m
aterials to TL 
C
ontext change (i.e., 
bedspace to location of 
m
aterials) 21 
7 
H
eparin infusion/ 
bolus 
P
rogram
m
ing heparin 
infusion pum
p O
R
 pushing 
heparin bolus (w
hichever 
cam
e first) 
TL calls to inform
 participant that the patient’s 
B
S
L has dropped significantly (results from
 
blood gas). E
xpectation: participant consults 
insulin algorithm
 and reduces infusion rate 
S
im
ilarity betw
een tasks (i.e., 
pum
p program
m
ing), 65 
C
om
plexity (i.e., m
aking a 
decision regarding insulin 
infusion) 56 
8 
H
eparin infusion/ 
bolus 
P
rogram
m
ing heparin 
infusion pum
p O
R
 pushing 
heparin bolus (w
hichever 
cam
e second) 
P
atient cries out in pain. E
xpectation: 
participant attends to patient and asks follow
 
up questions 
N
o interruption lag (i.e., nurse 
m
ust attend to patient 
im
m
ediately) 60 
Scenario 3 
 
 
 
 
9 
Fentanyl P
C
A
 
P
reparing fentanyl P
C
A
 in 
m
edication room
 
TL2 (w
atching patient w
hile participant is in 
m
edication room
) peeks into m
edication room
 
to ask if participant can hand her som
e 
paracetam
ol for patient w
ho is still 
com
plaining of pain. E
xpectation: participant 
either gives paracetam
ol to TL2 or has 
discussion about w
hy they should w
ait for 
P
C
A
 first 
C
om
plexity (i.e., m
aking a 
decision regarding 
paracetam
ol), 56 high 
w
orkload (i.e., rem
em
bering 
P
C
A
 prescription) 36 
10 
Fentanyl P
C
A
 
P
reparing fentanyl P
C
A
 
TL forgot to bring a P
C
A
 pum
p so TL2 offers 
to retrieve one. E
xpectation: TL and 
participant have a conversation as they w
ait 
for the pum
p  
H
igh w
orkload (i.e., 
rem
em
bering P
C
A
 
prescription and step in 
preparation process) 36 
42 
11 
Fentanyl P
C
A
 
P
rogram
m
ing P
C
A
 pum
p 
TL answ
ers phone call from
 patient’s 
daughter and asks participant to speak to 
her. E
xpectation: participant speaks to 
daughter w
ho is very anxious 
H
igh w
orkload (i.e., 
rem
em
bering P
C
A
 
prescription and step in 
preparation process), 36 
context change (i.e., 
bedspace to phone) 21 
12 
Fentanyl P
C
A
 
P
roviding patient 
education about P
C
A
 
pum
p 
TL receives a call that the patient’s w
ife is in 
the w
aiting room
 and asks participant if she 
can bring the w
ife in. E
xpectation: participant 
answ
ers TL’s question 
N
o interruption lag (i.e., TL 
m
ust be answ
ered 
im
m
ediately) 60 
N
ote: TL = team
 leader, TL2 = second team
 leader, B
S
L = blood sugar level, P
C
A
 = patient-controlled analgesia. 
N
ote: all interruptions occurred m
id-task and w
ere as long as feasible.  
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Results 
Data preparation and checks. The final sample size was 70—one participant was 
excluded from all analyses because it was revealed that they knew the study aims prior to 
participating. Demographics across the two groups can be seen in Table 2 of Manuscript 2. 
Because participants were sampled from the same population (nurses within the same unit), 
there is no reason to believe that any differences exist between the two groups. Therefore, it is 
unnecessary to perform statistical tests to check for potential demographic confounders. 
However, it is still possible that one or more of the demographics could affect the relationship 
between interruptions and errors, so I controlled for these in a subsequent analysis, described 
below. As it happened, there appeared to be an imbalance of the number of years working in 
the current ICU between participants in the 3-interruptions condition (3 years) and the 12-
interruptions condition (6 years), so it was especially important to check that this was not a 
confounder.  
In 4 cases, 1 of the 12 interruptions was not delivered due to technical difficulties or timing 
issues. The rest of the interruptions were delivered successfully. Most of the time, participants 
engaged with the interruptions, just as they had done in the bartending study. The second 
most common interruption handling strategy was deferral, which meant that the participant still 
received the interruption but at a slightly different time. Only two participants blocked one 
interruption (i.e., denied or declined the attention request), and one participant multi-tasked 
one interruption (i.e., completed the primary task and interrupting task simultaneously). 
Once I finalized all of the video coding, the clinical research nurse checked all clinical 
errors and procedural failures to confirm all were valid. Any disagreements were settled by 
consulting hospital or ICU policy. In determining the inter-rater reliability of the video coding, 
Cohen’s Kappa revealed a good level of agreement between the research assistant and 
myself, ĸ = .79, p < .001. Residuals analyses were conducted on all data to ensure the correct 
statistical tests were performed and no statistical assumptions were violated. Poisson 
regressions were used to analyse all count data. The clinical error data fit the Poisson 
distribution well, but the procedural failure data were overdispersed so this was corrected for in 
the analyses. Questionnaire data were not in count form so parametric tests were used with 
transformations applied as needed, or non-parametric tests were used.  
Relationship between interruptions and clinical errors. Nurses who received 12 
interruptions committed clinical errors 2.00 times (95% CI [1.41, 2.83]) more frequently than 
nurses who received 3 interruptions, p < .001 (Figure 6 and Table 13). Examples of the 
different types of clinical errors that nurses committed can be seen in Error! Reference 
source not found.. When all clinical errors that were corrected were removed from the 
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analysis, participants who were interrupted 12 times still committed more clinical errors than 
participants who were interrupted 3 times (Table 13).  
To determine whether the above analysis was confounded by baseline imbalances, I re-
conducted the Poisson regression controlling for all demographic variables (age, gender, 
education, experience as a Registered Nurse, and experience in the current ICU). The rate 
ratio of clinical errors between interruption conditions was not substantially affected (2.11, 95% 
CI [1.45, 2.07], p < .001) and none of the demographic variables were significant covariates, 
suggesting no confounders were present for clinical errors. 
 
Figure 6. Relationship between interruption frequency and clinical errors. Error bars represent 
95% confidence intervals. 
Table 11. Examples of clinical errors and procedural failures observed. 
Error category Example/s of errors 
Clinical errors  
       Incorrect Programmed incorrect infusion rate on pump 
Drew up incorrect amount of medication in syringe 
       Omission Did not prime syringe/bag tubing 
Did not start infusion pump 
Procedural failures  
       Documentation Did not document medication administration 
       Incorrect/omission Did not ask TL to check medication before administering 
       Labelling Incorrect information written on medication label 
       Nonaseptic Swabbed insertion port for less than 15 seconds 
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Relationship between interruptions and procedural failures. Nurses who received 12 
interruptions committed procedural failures 1.20 times (95% CI [1.05, 1.37]) more frequently 
than nurses who were interrupted 3 times, p = .006 (Figure 7Error! Reference source not 
found. and Table 13). Examples of the different types of procedural failures that nurses 
committed can be seen in Error! Reference source not found.. When all procedural failures 
that were corrected were removed from the analysis, participants who were interrupted 12 
times still committed more procedural failures than participants who were interrupted 3 times 
(Table 13). 
To determine whether the above analysis was confounded by baseline imbalances, I re-
conducted the Poisson regression controlling for all demographic variables. The rate ratio of 
procedural failures between interruption conditions was not substantially affected (1.15, 95% 
CI [1.00, 1.33], p = .049) and none of the demographic variables were significant covariates, 
suggesting no confounders were present. Age, years as a Registered Nurse, and years in the 
current ICU were analyzed separately with backwards stepwise regressions due to 
multicollinearity. All three variables were significant covariates, but the rate ratio of procedural 
failures between interruptions conditions was minimally affected (1.15, 95% CI [1.00, 1.32], p = 
.043). The strongest association with procedural failures was years as a Registered Nurse, 
which showed that procedural failure rates increased by 1.2% (95% CI [0.0, 2.0%]) with every 
year increase in participant nursing experience. 
 
Figure 7. Relationship between interruption frequency and procedural failures. Error bars 
represent 95% confidence intervals. 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
3 interruptions 12 interruptions 
P
ro
ce
du
ra
l f
ai
lu
re
s 
46 
Exploratory analyses. As discussed in Phase 5, the severity of errors can vary 
substantially, so I explored whether an increase in the number of interruptions lead to more 
severe clinical errors and/or procedural failures. All clinical errors and procedural failures were 
categorized into one of five severity ratings and further classified as a minor error or a major 
error (Table 12). Categories of clinical errors were taken from Westbrook and colleagues,3 and 
categories of procedural failures were adapted from the clinical error categories. I coded all 
errors on severity and they were checked and confirmed by the clinical research nurse and a 
nursing professor. Two independent subject matter experts rated a sample of clinical errors 
and procedural failures and the ratings of all errors were adjusted accordingly before 
performing the statistical analyses. Interruption condition was not a significant predictor of the 
number of major clinical errors or major procedural failures committed. Average procedural 
failure severity ratings did not differ between interruption conditions; however, clinical errors 
committed by participants in the 12-interruptions condition were more severe than clinical 
errors committed by participants in the 3-interruptions condition (Table 13).  
Table 12. Description of clinical error and procedural failure severity ratings, and the 
associated description and category.  
Severity 
Rating 
Clinical error description Procedural failure description Category 
of error 
1 Incident is likely to have little or no 
effect on the patient 
Action is not best 
practice/procedure, but is unlikely to 
have any future consequence 
Minor 
2 Incident is likely to lead to an 
increase in level of care (e.g., 
review, investigations, or referral to 
another clinician) 
Action may lead to an increase in 
level of care (e.g., review, 
investigations, or referral to another 
clinician), but not in isolation 
Minor 
3 Incident is likely to lead to a 
permanent reduction in bodily 
functioning leading to, e.g., 
increased length of stay; surgical 
intervention 
Action may lead to a permanent 
reduction in bodily functioning 
leading to, e.g., increased length of 
stay; surgical intervention, but not in 
isolation 
Major 
4 Incident is likely to lead to a major 
permanent loss of function 
Action may lead to a major 
permanent loss of function, but not in 
isolation 
Major 
5 Incident is likely to lead to death Action may lead to death, but not in 
isolation 
Major 
 
I was interested to see if a particular type of procedural failure was driving the effect of 
interruptions on procedural failures, so I categorized procedural failures into four high-level 
groups (Table 11 Error! Reference source not found.presents examples of each category). 
Nonaseptic technique was the most common procedural failure, making up 69% of all failures, 
followed by labelling errors (17%), incorrect/omission errors (9%), and documentation errors 
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(5%). When the effect of interruption frequency was analysed separately for each of these 
procedural failure categories, nonaseptic technique was the only category that was affected by 
interruption frequency (Table 13). 
Questionnaire analyses. There were no differences in ratings of subjective workload 
across the two interruption conditions, p = .190, nor were there any differences in ratings of TL 
distraction and annoyingness, p = .056 and p = .589, respectively. There were also no 
differences in ratings of scenario realism or scenario immersion across interruption conditions, 
p = .789 and p = .121, respectively. Written feedback indicated that the simulation was 
realistic, but others highlighted the unfamiliar layout, scenario tasks, awareness of being 
watched, and technology issues as potential flaws. 
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Table 13. D
escriptive statistics for prim
ary and secondary outcom
es under 3-interruptions and 12-interruptions conditions. 
 
3-interruptions 
12-interruptions 
 
 
 
D
ependent variable 
M
ean 
95%
 C
I 
M
ean 
95%
 C
I 
R
atio 
95%
 C
I 
p value 
C
linical errors (total) 
1.37 
[0.99, 1.75] 
2.74 
[2.19, 3.29] 
2.00 
[1.41, 2.83] 
< .001
a 
    W
ith error corrections rem
oved 
1.06 
[0.67, 1.45] 
1.89 
[1.35, 2.42] 
1.78 
[1.19, 2.67] 
.005
a 
    C
ount of m
ajor clinical errors 
0.03 
[-0.03, 0.09] 
0.14 
[0.02, 0.26] 
3.15 
[0.30, 32.97] 
.338
a 
P
rocedural failures (total) 
35.34 
[31.74, 38.95] 
42.49 
[38.65, 46.32] 
1.20 
[1.05, 1.37] 
.006
a 
    W
ith failure corrections rem
oved 
34.00 
[30.49, 37.51] 
40.71 
[37.22, 44.21] 
1.20 
[1.05, 1.36] 
.006
a 
    C
ount of m
ajor procedural failures 
24.57 
[21.72, 27.42] 
30.40 
[27.20, 33.60] 
1.01 
[0.92, 1.11] 
.797
a 
    D
ocum
entation 
1.69 
[1.10, 2.27] 
2.29 
[1.79, 2.78] 
1.36 
[0.92, 1.99] 
.121
a 
    Incorrect/om
ission 
3.31 
[2.67, 3.96] 
3.91 
[3.25, 4.58] 
1.18 
[0.92, 1.52] 
.190
a 
    Labelling 
6.60 
[5.60, 7.60] 
6.69 
[5.70, 7.67] 
1.10 
[0.83, 1.24] 
.90
a 
    N
onaseptic 
23.74 
[20.99, 26.50] 
29.60 
[26.50, 32.70] 
1.25 
[1.07, 1.45] 
.004
a 
Tasks done correctly 
86.29 
[82.80, 89.78] 
83.71 
[79.94, 87.49] 
- 
- 
.31
b 
E
rror rate (%
) c 
29.65 
[26.94, 32.35] 
34.98 
[32.16, 37.81] 
- 
- 
.007
b 
S
everity ratings (out of 5) 
M
dn 
IQ
R
 
M
dn 
IQ
R
 
 
 
p value 
    C
linical errors 
1.67 
1-2 
2.00 
1-2 
- 
- 
.031
d 
    P
rocedural failures 
4.00 
4-4 
4.05 
4-4 
- 
- 
.242
d 
a = analysed w
ith P
oisson regression. 
b = analysed w
ith independent sam
ples t-test. 
c E
rror rate = (tasks perform
ed incorrectly / total tasks) * 100. 
d = analysed w
ith M
ann-W
hitney U
 test because the data w
ere not norm
ally distributed. 
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Discussion 
Summary of findings. Nurses who received a higher number of interruptions committed 
significantly more clinical errors and procedural failures than nurses who received a lower 
number of interruptions, pointing to a prospectively-established dose-response relationship 
between interruptions and errors, supporting the case for a causal link between interruptions 
and errors in healthcare. This study contributes to the literature by directly demonstrating that 
more workplace interruptions to nurses lead to more medical errors—an often assumed but 
yet to be tested phenomenon.35,45 Findings from this study also build on previous research that 
is either observational, quasi-experimental, and underpowered.3,11,18,37,39  
In Westbrook et al.’s3 observational study, the estimated rate ratio of clinical errors when 
comparing nurses who received 1 versus 4 interruptions per medication is 1.41, which is very 
similar to the rate ratio found for bartenders in the laboratory study (1.44). The rate ratio of 
clinical errors in the healthcare study is 2.00 when comparing nurses who received 1 versus 4 
interruptions per scenario, which is higher than but comparable to Westbrook et al.’s findings.  
Most of the clinical errors were related to the medication rate and dose. The majority of 
procedural failures were related to violations of nonaseptic technique, which increased with 
more interruptions. This finding is consistent with previous results suggesting that interrupted 
tasks are shorter in duration than uninterrupted tasks.23 Nurses who received a higher number 
of interruptions may have deliberately or subconsciously performed tasks more quickly by 
omitting tedious steps such as hand washing or reducing the time taken to swab insertion 
ports.  
Westbrook et al.3 found that the risk of committing a major error increased with the number 
of interruptions. In the present study, the number of major errors did not differ across 
conditions; however, participants’ average clinical error severity was higher with more 
interruptions compared to fewer interruptions. Out of the 144 clinical errors committed across 
the entire study, only 6 were categorized as major (4%). With such few observations, it is 
difficult to make any conclusions about the relationship between interruptions and frequency of 
major clinical errors. In contrast, 71% of procedural failures were categorized as major, most 
likely because nonaseptic technique—the most common procedural failure observed—was 
given a severity rating of 5 out of 5 due to its potential to lead to a blood infection. However, 
many of the major procedural failures also fell under the other categories (for example, 
omissions/incorrect steps) that did not differ across conditions. On average, the procedural 
failures severity rating was 4 out of 5, revealing a potential ceiling effect, which may explain 
why frequencies of major procedural failures did not differ across conditions. 
Participants’ nursing experience was positively associated with the number of procedural 
failures committed, such that procedural failures increased by 1% with every additional year or 
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nursing experience. Westbrook et al.3 observed a very similar effect—every year increase in 
nursing experience was also associated with a 1% increase in procedural failures. A recent 
study by Westbrook et al.32 also found that senior doctors committed significantly more 
legal/procedural errors than junior doctors. These results may seem counter intuitive; however, 
this finding can be explained by the model of Dynamic Safety.89 The model of Dynamic Safety 
would suggest that an incorrect action is reinforced by a lack of consequence for that action, 
especially in the long term. For example, a procedural failure that does not result in an obvious 
incident suggests that this procedural failure is somewhat safe to commit. Because procedural 
failures do not themselves directly affect the patient, they often appear to have no 
consequences. As a result, nurses may be more likely to commit procedural failures as their 
experience increases because they have not observed any direct consequences from such 
actions. The model of dynamic safety may also explain why nurses are less likely to use 
aseptic technique when persistently interrupted—the consequences of nonaseptic technique 
may be so rare (for example, a blood infection) that adherence to aseptic protocols is 
compromised when time is limited.  
Limitations. The study has several limitations that may reduce its representativeness and 
generalizability, and these limitations overlap with those of the bartending study. First, 
participants were not randomly allocated to each interruption condition and were instead 
allocated to each condition in an alternating fashion. Lack of randomization is a concern in 
healthcare research because it can make the study more susceptible to biases and 
confounders. However, this was a deliberate choice because there was no certainty that the 
desired sample size would be reached, and I did not want unequal numbers across the two 
conditions. The potential for biases was reduced because (a) the senior nurse who provided 
backfill also organized the scheduling of participants to testing sessions, but she was blind to 
the study purpose and condition allocation method, (b) I tested three participants per day, so 
participants in each condition were equally likely to be tested in the morning or afternoon, and 
(c) participants were scheduled to testing sessions at short notice (usually the same day they 
would be tested) because of the unpredictable nature of the ICU workflow. The potential for 
confounders was explored by conducting backwards stepwise Poisson regressions with all 
potential covariates included in the statistical model. Although experience in the current ICU 
differed between groups, controlling for this and all other demographic variables did not 
change the pattern of results for both clinical errors and procedural failures, nor did it 
substantially impact the rate ratios comparing 1 versus 4 interruptions per scenario. 
Additionally, an analysis of residuals of each condition revealed no autocorrelation (i.e., no 
apparent trends over time), suggesting that performance did not get systematically better or 
worse as the experiment progressed. Taken together, the alternate-allocation method did not 
appear to result in any biases or confounders.  
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Second, participants were aware they were being watched via video cameras, potentially 
leading to inauthentic behaviour. One example is the high rates of engagement with the 
interruptions that may not reflect what occurs in clinical practice. However, observational 
research suggests that clinicians do tend to mostly engage with interruptions in authentic 
contexts.87,90 
Third, the frequency of errors may have been artificially inflated due to nervousness and/or 
working in a slightly unusual setting. I did not collect information about baseline error rates for 
the ICU context, so it is not clear what the impact of 3 interruptions is over 0 interruptions. 
However, observational data suggest baseline error rates are quite high. For example, 
Westbrook and colleagues3 found that 25% of uninterrupted medication administrations 
contained at least one clinical error and 70% of uninterrupted medication administrations 
contained at least one procedural failure.  A direct comparison of this data with the healthcare 
study data would have been desirable, but it is not possible. Westbrook et al. explored the 
number of medications that contained at least one clinical error and procedural failure with 
differing numbers of interruptions, but did not report the average number of clinical errors and 
procedural failures per medication administration.  
Fourth, the simulation room and scenarios contained several unique qualities that were 
unavoidable due to scarce resources and room space. For example, the medication room is 
typically further away from the bedspace and is accessed via swipe card. Such qualities could 
have influenced the participants’ workflow and performance. 
Applications and future directions. Findings from the current study suggest that more 
interruptions cause more errors, so it is tempting to conclude that reducing the frequency of 
interruptions could result in a reduced frequency of errors. However, literature already 
suggests that such a step could have undesirable and unexpected outcomes,51,52 because 
many interruptions are vital to effective work coordination.1,4,5,87,91,92 Of course, certain 
interruptions do not benefit the work system and could be targeted in interruption-reduction 
interventions, but interruptions that are important should be preserved.4,5 Two possible ways to 
do this are to (a) implement system-based changes to develop nurses’ resilience to 
interruptions such as with visual timers and visual cues,39,71 and (b) train nurses on interruption 
management strategies to alleviate the disruptiveness of interruptions.34,92 Though, recent 
research suggests that multitasking may not be an effective interruption management 
strategy.32 
The results of this study apply to medication preparation and administration tasks in ICU 
environments, and potentially other critical care environments. The findings may not 
generalize to other types of nursing tasks or other environments with lower nurse to patient 
ratios. 
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Project Summary 
 
Project overview and implications 
The main goal of this program of research was to investigate the potential causal 
connection between the number of workplace interruptions to nurses and the number of 
subsequent medical errors they commit. To this end, I conducted a high-fidelity simulation 
study manipulating the number of interruptions nurses received during medication preparation 
and administration tasks, and measured the number of clinical errors and procedural failures 
they made. I also conducted a medium-fidelity simulation study with a specialized population in 
a non-healthcare domain to conduct piloting and explorations prior to the healthcare study and 
to test the robustness of the hypothesis that more interruptions lead to more errors. In the 
following section, I provide a high-level summary of each of the aims and phases of my 
research, and discuss the theoretical and practical applications. 
Aim 1. Design a high-fidelity simulation study testing the hypothesis that more 
interruptions lead to more errors in healthcare. Aim 1 was fulfilled in two phases. In Phase 
1, I reviewed the literature surrounding interruptions in healthcare, medical errors, and their 
potential relationship. Interruptions are a normal part of clinical practice,1 but are associated 
with a range of negative outcomes such as increased workload and performance 
decrements.20,21 Increases in the frequency of interruptions are thought to be partly 
Aim$1:$Design$a$simula/on$study$
to$inves/gate$the$poten/al$
causal$rela/onship$between$
interrup/ons$and$errors$in$the$
Intensive$Care$Unit$(ICU).$
Outcome:$Current$evidence$of$
a$causal$rela/onship$between$
interrup/ons$and$errors$is$
weak.$A$controlledDtrial$was$
designed$to$ﬁll$this$literature$
gap,$but$I$needed$to$know$the$
required$sample$size.$
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interrup/ons$
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Design$the$
major$
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healthcare$
study.$$
Aim$2:$Design$a$laboratoryD
based$simula/on$study$to$act$as$
a$formal$pilot$study$preceding$
the$healthcare$simula/on$study.$
Outcome:$The$task$of$cocktail$
making$was$chosen$as$an$
analogue$to$medica/on$
prepara/on$and$
administra/on.$This$allowed$$
for$formal$pilot$tes/ng$and$
explora/ons$while$avoiding$
some$of$the$issues$
encountered$when$designing$
the$healthcare$study.$$
Phase$3:$Map$the$highDlevel$
proper/es$of$the$healthcare$
study$to$the$laboratory$study,$
using$components$of$
representa/ve$design.$$
Aim$3:$Conduct$the$laboratory$
study$to$determine$the$required$
sample$size$for$the$healthcare$
study,$and$inves/gate$whether$a$
causal$rela/onship$exists$
between$interrup/ons$and$
errors$in$other$nonDhealthcare$
work$contexts.$$
Outcome:$36$par/cipants$were$
required$for$the$main$lab$study$
and$66$were$required$for$the$
healthcare$study.$Results$
revealed$that$more$
interrup/ons$lead$to$more$
cocktail$errors.$
Phase$4:$
Conduct$a$
zeroD
interrup/ons$
study$in$a$
mediumD
ﬁdelity$
bartending$
simulator.$$
Phase$5:$
Conduct$a$
controlled$
trial$in$a$
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Aim$4:$Conduct$the$healthcare$
simula/on$study$to$determine$
whether$increases$in$the$
frequency$of$workplace$
interrup/ons$cause$increases$in$
the$occurrence$of$clinical$errors$
and$procedural$failures.$
Manuscript$1:$The$eﬀect$of$
interrup/ons$on$errors$in$a$
simulated$work$environment:$A$
controlled$study$seeking$a$
causal$connec/on.$$
Outcome:$In$line$with$the$
laboratory$study,$results$
revealed$that$more$
interrup/ons$lead$to$more$
clinical$errors$and$procedural$
failures.$$
Phase$6:$Finalize$the$design$
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causal$connec/on.$$$
   
53 
 
responsible for increases in the occurrence of medical errors, which compromise patient 
safety.6 Current evidence suggests that interruptions and errors are related; however, we do 
not know whether interruptions actually cause errors.34,35,45,46 Attempts to reduce interruptions 
have led to unintended consequences,51,52 have not clearly reduced error rates,48,49 and have 
not considered the systemic benefits of interruptions, for example, as a form of interruption 
transfer.4,5 Taken together, evidence suggests that interruptions to nurses warrant concern, 
but more robust evidence of a causal relationship between interruptions and errors is required. 
Providing evidence that more interruptions cause (or do not cause) more errors will help to 
guide clinicians in the design of interventions and policy to reduce error rates and improve 
patient care. 
In Phase 2, I sought to fill this gap in the literature by designing a major prospective 
simulation study assessing the effect of an increased number of workplace interruptions to 
nurses on subsequent error rates. I designed a controlled trial in which ICU nurses would 
receive a lower (3) versus higher (12) number of workplace interruptions during medication 
administration and preparation tasks in a simulated ICU context. I would then analyse whether 
nurses who received 12 interruptions committed more clinical errors and procedural failures 
than nurses who received 3 interruptions. To ensure a strong study design and protocol, 
significant piloting and explorations were required; however, there were substantial field-
related constraints and uncertainties that complicated the planning of the study. To avoid such 
constraints, a non-healthcare laboratory-based study would be used to guide the design and 
operationalization of the healthcare study. 
Aim 2. Design a laboratory-based simulation study to act as a formal pilot study 
preceding the healthcare study. In Phase 3, I designed a laboratory-based simulation study 
to serve as a formal pilot study for the healthcare study, to fulfil the second aim of the research 
program. Outcomes of the laboratory study would be used to (a) calculate a statistical power 
analysis for the healthcare study to determine the required sample size, (b) help guide the 
design and operationalization of the healthcare study, and (c) test the robustness of the 
hypothesis in a different but parallel environment. I drew on components of representative 
design8 to create an analogous ‘world’ to healthcare, so that the findings of the laboratory 
study could be generalized and applied to the healthcare study. The task of cocktail making 
was chosen as the laboratory study task because it is similar in perceptual and cognitive 
properties to medication preparation and administration. I mapped the physical setup, scenario 
content, and interrupting tasks across the two studies. 
Aim 3. Conduct the bartending study to determine the required sample size for the 
healthcare study and to test the robustness of the hypothesis. Phases 4 and 5 of the 
program of research fulfilled the third aim, and are covered in Manuscript 1. In Phase 4, I 
carried out a zero-interruptions bartending study to determine the required sample size for the 
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main bartending study. I integrated the average number of beverages that contained at least 
one error with observational data from the literature to estimate the average error rate if 
bartenders were to receive 3 versus 12 interruptions. With this information, I calculated a 
statistical power analysis for the main bartending study. 
In Phase 5, I carried out a controlled trial that was identical to the previous study, except 
that bartenders received either 3 or 12 scenario-relevant interruptions. Bartenders who 
received a higher number of interruptions committed significantly more cocktail errors than 
bartenders who received a lower number of interruptions. With these data, I calculated a 
statistical power analysis for the healthcare study.  
The bartending study increased my preparedness to run a major simulation study in the 
healthcare domain; however, it was also one of the first laboratory studies to investigate the 
effect of interruptions (a) on professionals (b) in a simulated work context (c) with interruptions 
representative of those that would occur in authentic situations, (d) while allowing 
professionals the freedom to handle the interruptions as they pleased. Overall, findings from 
the bartending study are more generalizable to busy ‘hands on’ work environments in which 
interruptions are common, compared to simple computer-based laboratory studies. In addition, 
outcomes of the bartending study and healthcare study were similar, reinforcing the idea that 
the bartending study findings were appropriately generalized to the healthcare context, and 
that the high-level properties of the simulated healthcare context were adequately captured in 
the simulated bartending context. Moreover, the two laboratory studies illustrate a unique 
approach to statistical power analysis that helps to reduce risk when planning a major 
simulation study in the field. I hope that researchers may consider a similar approach when 
designing studies in resource-limited contexts.  
Aim 4. Conduct the healthcare study to determine whether more interruptions to ICU 
nurses lead to more medical errors. The final aim was fulfilled during Phase 6, where I 
conducted the healthcare simulation study where nurses received either 3 or 12 scenario-
relevant interruptions, covered in detail in Manuscript 2. Nurses who received a higher number 
of interruptions committed significantly more clinical errors and procedural failures than nurses 
who received a lower number of interruptions.  
The healthcare study was the first prospective controlled study to test the hypothesis that 
more interruptions cause more clinical errors and procedural failures in a simulated ICU 
setting. The findings suggest that a causal connection exists between interruptions and errors, 
filling the previously-discussed gap in the literature. This evidence will ensure healthcare 
workers are better informed when designing interventions and policy changes to improve 
patient safety. 
Findings from both the bartending study and healthcare study also support theories on the 
disruptive properties of interruptions. In both studies, each combination of interruption and 
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primary task possessed at least three of the following properties: (a) interruption long in 
duration;21,43,56,58,59 (b) interruption delivered at the mid-point of the primary task;2,54-57 (c) 
interruption similar to the primary task;65-67 (d) interruption complex or difficult;56,68 (e) interruption 
requiring a change of context;21 (f) no delay between the interruption alert and interruption task;60-63 
(g) high-workload primary task at time of interruption;36,69,70 and (h) no visual cues present on 
resumption of the primary task following an interruption.71-73 Researchers have explored the 
impact of interruptions that contain these disruptive properties on outcomes such as errors, 
accuracy, recall, and ProM performance. Findings from both studies further support theories 
that interruptions with these properties negatively affect participants’ performance, by showing 
that participants who received a higher number of interruptions that were designed to be as 
disruptive as possible (based on previous research) committed more errors than participants 
who received a lower number of these interruptions. As will be discussed below, the observed 
effect of interruptions on errors may have been attenuated if the interruptions were not 
designed based on interruptions theory and ProM theory. 
Nursing versus bartending: reflecting on the two contexts 
Despite all efforts to create a laboratory ‘world’ that was parallel to healthcare, I 
acknowledge that cocktail making is not a perfect analogue to medication preparation and 
administration. I discuss key differences that were difficult to avoid and may have affected the 
comparability of the two contexts, as well as key similarities that were somewhat unexpected. 
Participants’ motivation to perform well. Possibly the biggest difference between the 
two contexts is that the stakes are much higher in healthcare compared to bartending. If a 
bartender commits an error, the customer could be dissatisfied, but if a nurse commits an 
error, the patient could be harmed. I attempted to increase the motivation to perform well in the 
bartending study by creating performance pressure with domain-specific rationales. For 
example, during training in the bartending study it was emphasized that the customers are 
very discerning, and management are very strict, so bartenders need to adhere to the bar’s 
specified procedures. Although this might not be true of all bartending workplaces, it was not 
so important that the bartending study should fully represent the most typical situations of 
bartending, but rather that the conditions in the bartending study adequately represented the 
conditions in the healthcare study.75 
Physical setting of each study. The healthcare study was carried out in a hospital 
simulator with ICU nurses from that hospital, whereas the bartending study was conducted at 
a university with bartenders recruited from various venues. The training and environmental 
familiarization stage for the bartending study was thus very extensive compared to the 
healthcare study, where the equipment and procedures were almost identical to participants’ 
normal work environment. Bartenders were familiar with the equipment and procedures 
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generally, but they had to be shown the laboratory setup in detail because it was not their 
normal work environment (especially with regards to the alcohol room). I incorporated atypical 
aspects of the laboratory set-up into the scenario narrative so that differences between the 
simulation setting and participants’ normal work setting would be less likely to interfere with 
participants’ acceptance of the simulated scenarios.78  
Sources of interruptions and communication. In the bartending study, participants 
could communicate only with the FOHW because the simulation room was set up as a back of 
house workstation with no customer interaction. The majority of the interruptions (11/12) were 
therefore delivered by the FOHW. There was a phone in the simulation room but it could only 
accept incoming calls. Although participants in the healthcare study interacted mostly with the 
TL, they also interacted with the patient, several phone-based characters, and a second TL. 
Participants not only received incoming calls as interruptions, but they could make outgoing 
calls to specific team members (voiced by the research assistant) if needed. Interruptions and 
communications were thus delivered by a wider range of sources in the healthcare study 
compared to the bartending study. 
The effect of interruptions on errors. A higher number of interruptions lead to a higher 
number of errors in both studies. Figure 8 shows a side-by-side comparison of error data and 
highlights the similar pattern of results across the two studies. However, frequencies of errors 
differed substantially across the two studies—nurses committed an average of 2 clinical errors 
while bartenders committed an average of 13 cocktail errors.  
There are three potential factors that may account for the difference in error rates and 
between the two contexts. First, as described earlier, nurses are probably more motivated to 
perform well compared to bartenders. Nurses may be more careful and vigilant when carrying 
out their tasks, resulting in fewer errors. Second, it is hospital policy to have another nurse 
check and approve several aspects of a patient’s medication before it is administered. This 
process improves the likelihood of detecting and correcting errors before they reach the 
patient, but may also increase a nurse’s motivation to ‘get it right the first time’ so the other 
nurse does not detect an error. Third, there were more opportunities for cocktail errors than 
clinical errors. Participants in the bartending study prepared 2 table orders per scenario, and 
each table order contained 2-4 beverages. Each beverage has the potential for several 
cocktail errors. In contrast, participants in the healthcare study prepared and administered 1-2 
medications per scenario, and each medication had the potential for several clinical errors. 
Beverages are quicker to prepare than medications, so in order to ensure the timing and pace 
of the bartending study were properly mapped to the healthcare study, the number of 
beverages per scenario needed to be higher than the number of medications per scenario. 
Although the differences in error rates make the studies less comparable, the similar pattern of 
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results supports the appropriateness of the bartending context as an analogue to the 
healthcare context. 
Bartending study Healthcare study 
  
Figure 8. Clinical/cocktail error data across the interruptions conditions in the bartending study 
and the healthcare study. Note the different y-axis scales. Error bars represent 95% 
confidence intervals. 
Participants’ interruption handling strategies. Participants in both studies displayed 
similar behaviours and reactions to interruptions. Most of the participants immediately paused 
their primary task to attend to the interrupter or to the interrupting task. Occasionally, a 
participant would try to multi-task or delay the interrupting point, but I rarely observed 
participants overtly blocking or ignoring an interruption. In verbal discussions with the 
bartenders and nurses, it was revealed that a there is a strong culture of helping out other co-
workers amongst both groups of professionals. This cultural feature of both work contexts may 
explain the high acceptance rates of interruptions, which has been reported in observational 
studies of clinical settings.87,90 
Participants’ ratings of subjective workload and confederate distractibility and 
annoyance. Bartenders and nurses recorded similar responses on their post-experiment 
surveys. Average ratings of subjective workload were low in both studies—7 versus 9 on a 20-
point Likert scale for nurses and bartenders, respectively. Similarly, ratings of confederate 
distractibility and annoyance were comparable, with no significant differences between 
conditions across both studies. Bartenders rated the FOHW 3 out of 9 on distractibility and 2 
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out of 9 on annoyance. Nurses rated the TL 2 out of 5 on distractibility 1 out of 5 on 
annoyance. These results may reflect the similar work cultures discussed in the previous 
subsection. 
Project limitations and directions for future work 
Simulation can be a powerful research technique, but its shortcomings (some of which are 
unavoidable) may compromise validity and generalizability. In this section I outline some of the 
limitations of the work performed, which in some cases lead to suggestions for future work. 
First, as with all simulation research, bartenders and nurses knew they were being 
watched. As noted, this awareness could have altered participants’ behaviour and reactions to 
the interruptions, made them feel nervous or uneasy, or artificially inflated error rates. In 
addition, it is rarely possible to simulate all possible situations and tasks that a researcher 
wishes to generalize. Further work could extend the realism of the simulations and scenarios 
used. 
Second, as discussed in Phase 6, I did not randomly allocate participants to each 
interruption condition, but rather allocated participants to conditions in an alternating fashion. 
In both studies I required participants with a specific level of professional expertise. The 
alternate allocation method ensured that I would have an equal sample size across both 
interruption conditions even if the total sample size desired could not be reached. Although 
this allocation method is more susceptible to biases and confounding compared to 
randomization, I did not find any evidence of such biases and confounding in either study. 
However, future studies should ideally be randomized or employ a blocked-randomization 
method if there are concerns about reaching a desired sample size. 
Third, I collected information about error rates with zero interruptions in the bartending 
context as a separate study to the main bartending study, and I did not collect information 
about error rates with zero interruptions in the healthcare study. As discussed, the former was 
carried out as a precursor to the main laboratory study. Although it may have been useful to 
include a zero-interruptions condition in the main bartending study and in the healthcare study, 
I was more interested in the effect of a lower versus higher number of interruptions on errors, 
which is more representative of authentic clinical contexts where interruptions are frequent.11 
Fourth, bartending is not a perfect analogue to healthcare—no two contexts will ever be 
identical. I discussed the major differences between the two contexts earlier, but overall, the 
comparable pattern of results suggest that bartending was an appropriate parallel context to 
healthcare, and that the cognitive-perceptual properties of medication preparation and 
administration were adequately captured in the laboratory tasks.  
Fifth, in an attempt to make the bartending context a stronger analogue to the healthcare 
context, some aspects were less representative of authentic bartending situations (for 
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example, the use of an alcohol room to act as an analogue to a medication room). Although 
the bartending study worked well as a formal pilot study for the healthcare study, the 
inauthentic aspects of the simulated context reduce the generalizability of the findings to true 
bartending contexts. 
Sixth, I did not conduct an analysis of the impact of each specific interruption on 
subsequent task performance to determine whether certain kinds of interruptions, in 
combination with certain kinds of ongoing tasks, were more likely to lead to errors. To do this, I 
would have needed to choose an arbitrary threshold of time after each interruption occurred; 
for example, by analysing the number of errors committed within 30 seconds of an interruption. 
However, focusing only on errors made within an arbitrary post-interruption timeframe may not 
capture all of the errors that resulted from that interruption, because an interruption may not 
directly affect the next task: its effect may be distributed and general, rather than local and 
specific. For example, an interruption may cause a nurse to forget the infusion rate of a 
medication, but the point at which the infusion rate is programmed into the pump may not be 
immediately after the interruption. In the present program of research, I was more interested in 
exploring the effect of interruptions on errors across the scenarios; i.e., do participants who 
receive a higher number of interruptions have an increased risk of committing errors compared 
to participants who receive a lower number of interruptions?  
Seventh, and following from the previous point, I did not investigate whether interruptions 
selected to be maximally disruptive, according to theory and as done in both studies, were 
more likely to cause errors than interruptions that theory would suggest are not so disruptive. 
Future work could compare the effect of interruptions placed at ostensibly vulnerable points, 
for example, versus interruptions not placed at such points. Researchers could also explore 
the effects of interruptions designed with different combinations of disruptive properties (for 
example, interruptions delivered mid-task and with no delay versus interruptions delivered mid-
task and similar to the primary task, and so on) to determine which properties are most 
disruptive when combined with others. This could help researchers to decide the types of 
interruptions to prevent in healthcare. 
Overall, I hope that this program of research guides future research on the usefulness of 
laboratory studies to prepare for major field studies. Although elaborate and time-consuming, 
the laboratory work led to a well-prepared and strongly designed healthcare study that 
demonstrated clear and robust findings. Future work could also explore the viability of this 
method to, for example, test the effectiveness of clinical strategies and/or interventions before 
formally testing them in the field that would allow for more flexible explorations of interventions 
without the use of scarce and expensive field resources. However, I acknowledge that 
researchers may not have the time or resources to carry out such an effortful process for 
power analysis. Even though this process reduced the reliance on healthcare resources, it 
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required other resources that may not be easily sourced, such as a university laboratory, and a 
substantial amount of time. 
Both studies provide compelling evidence that more interruptions lead to more errors. 
However, I have highlighted the importance of interruptions in healthcare, and it is likely that 
this is true for other work contexts. Future work could investigate the positive aspects of 
interruptions in other work contexts than healthcare, and explore the effectiveness of 
interventions that balance the reduction of unimportant interruptions with the preservation of 
important interruptions.  
Summary of work 
In this program of research, I provided supporting evidence for a causal link between 
interruptions and errors in healthcare, by investigating the effect of a lower versus higher 
number of interruptions on error counts in a simulated ICU context. This study fills a 
substantial gap in the literature by contributing evidence that there is an causal connection 
between interruptions and errors34,35,45,46 and provides a better evidence base for healthcare 
professionals and policy makers invested in reducing error rates.  
I also replicated this effect in a simulated work environment that generalizes to busy ‘hands 
on’ settings where interruptions are a normal part of work, and where interventions targeting 
the reduction of errors may be of interest. This study is a novel contribution to the literature 
because it was one of the first laboratory studies to explore the relationship between 
interruptions and errors in a simulated work context with relevant professionals, scenario-
relevant interruptions, and no constraints on interruption handling strategies.43,44,54,61,86 
Finally, I demonstrated a novel approach to statistical power analysis that reduced risk and 
strengthened study design. By drawing on aspects of representative design,8 I was able to 
create a laboratory-based parallel ‘world’ to healthcare. By drawing on Rasmussen’s81 
boundaries of generalization, I carefully designed the bartending study in such a way that I 
could generalize the findings to the specific context of the healthcare study. By drawing on 
Woods’83,84 notion of the cognitive triad of authentic work, I attempted to provide a realistic 
context with authentic tasks relevant to the bartenders, while allowing them the freedom to 
express their expertise. Comparable results were found in both studies, but importantly, I was 
able to determine the required sample size for the healthcare study without reducing its 
potential pool of participants. This approach may be useful for researchers who want to ensure 
their study is strongly designed before obtaining specialized participants and access to limited 
resources. 
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Conclusions 
The main goal of this program of research was to seek prospective evidence of a causal 
connection between workplace interruptions and medical errors in healthcare. Existing 
research investigating a potential relationship between interruptions and errors in healthcare is 
largely non-experimental and associative, but researchers tend to treat such findings as if they 
were causal, making recommendations to reduce or eliminate interruptions.35,45 However, this 
assumption may be inappropriate because evidence that interruptions cause errors has been 
weak, and many interruptions are a vital aspect of clinical workflow.1,4,5 My research provided 
supporting evidence that more interruptions cause more errors by establishing a prospective 
dose-response relationship,33 placing clinicians in a better position to design interventions and 
policy to reduce error rates, while hopefully considering the positive aspects of interruptions as 
well. A secondary goal of this program of research was to seek evidence of a causal 
relationship between interruptions and errors in a context that shared analogous high-level 
properties with healthcare. A causal connection between interruptions and errors was 
established in a simulated bartending context, and although this evidence was the result of a 
formal pilot study, it may generalize to other busy work environments where interruptions are 
of concern.  
More importantly however, I have demonstrated a unique and useful method for 
conducting power analyses and explorations preceding major studies. Applied research can 
be difficult for numerous reasons, but I hope to have shown how researchers can take 
advantage of laboratory settings to be better prepared for major simulation studies addressing 
important theoretical issues with expensive and scarce resources.  
   
62 
 
References 
1. Hopkinson SG, Wiegand DL. The culture contributing to interruptions in the nursing work 
environment: An ethnography. Journal of Clinical Nursing. 2017;26(23-24):5093-5102. doi: 
10.1111/jocn.14052 
2. Li SYW, Magrabi F, Coiera E. A systematic review of the psychological literature on interruption 
and its patient safety implications. J Am Med Inform Assn. 2012;19(1):6-12. doi: 
10.1136/amiajnl-2010-000024 
3. Westbrook JI, Woods A, Rob MI, Dunsmuir WTM, Day RO. Association of interruptions with an 
increased risk and severity of medication administration errors. Arch Intern Med. 
2010;170(8):683-690. doi: 10.1001/archinternmed.2010.65 
4. Rivera AJ. A socio-technical systems approach to studying interruptions: Understanding the 
interrupter's perspective. Appl Ergon. 2014;45(3):747-756. doi: 10.1016/j.apergo.2013.08.009 
5. McCurdie T, Sanderson P, Aitken LM. Applying social network analysis to the examination of 
interruptions in healthcare. Appl Ergon. 2018;67:50-60. doi: 10.1016/j.apergo.2017.08.014 
6. Kohn LT, Corrigan J, Donaldson MS. To err is human : building a safer health system. 
Washington, D.C.: National Academy Press; 2000. 
7. Magrabi F, Li SYW, Dunn AG, Coeira E. Challenges in Measuring the Impact of Interruption on 
Patient Safety and Workflow Outcomes. Method Inform Med. 2011;50(5):447-453. doi: 
10.3414/Me11-02-0003 
8. Brunswik E. Perception and the representative design of experiments. 2nd ed: Berkeley, CA: 
University of California Press; 1956. 
9. Drews FA. The frequency and impact of task interruptions in the ICU. Proceedings of the 
Human Factors and Ergonomics Society Annual Meeting. 2007;51(11):683-686. doi: 
10.1177/154193120705101117 
10. Chisholm CD, Collison EK, Nelson DR, Cordell WH. Emergency department workplace 
interruptions: Are emergency physicians "interrupt-driven" and "multitasking"? Acad Emerg 
Med. 2000;7(11):1239-1243. doi: 10.1111/j.1553-2712.2000.tb00469.x 
11. Johnson M, Sanchez P, Langdon R, et al. The impact of interruptions on medication errors in 
hospitals: an observational study of nurses. J Nurs Manag. 2017;25(7):1-10. doi: 
10.1111/jonm.12486 
12. Westbrook JI, Coiera E, Dunsmuir WTM, et al. The impact of interruptions on clinical task 
completion. Qual Saf Health Care. 2010;19(4):284-289. doi: 10.1136/qshc.2009.039255 
13. Brixey JJ, Tang ZH, Robinson DJ, et al. Interruptions in a level one trauma center: A case 
study. Int J Med Inform. 2008;77(4):235-241. doi: 10.1016/j.ijmedinf.2007.04.006 
14. Alvarez G, Coiera E. Interruptive communication patterns in the intensive care unit ward round. 
Int J Med Inform. 2005;74(10):791-796. doi: 10.1016/j.ijmedinf.2005.03.017 
   
63 
 
15. Westbrook JI, Ampt A, Kearney L, Rob MI. All in a day's work: an observational study to 
quantify how and with whom doctors on hospital wards spend their time. Med J Australia. 
2008;188(9):506-509. 
16. Grundgeiger T, Dekker S, Sanderson P, Brecknell B, Liu D, Aitken LM. Obstacles to research 
on the effects of interruptions in healthcare. BMJ Qual Saf. 2016;25(6):392-395. doi: 
10.1136/bmjqs-2015-004083 
17. McCurdie T, Sanderson P, Aitken LM. Traditions of research into interruptions in healthcare: A 
conceptual review. Int J Nurs Stud. 2017;66:23-36. doi: 10.1016/j.ijnurstu.2016.11.005 
18. Liu D, Grundgeiger T, Sanderson PM, Jenkins SA, Leane TA. Interruptions and Blood 
Transfusion Checks: Lessons from the Simulated Operating Room. Anesth Analg. 
2009;108(1):219-222. doi: 10.1213/ane.0b013e31818e841a 
19. Pape TM. The Effect of a Five-Part Intervention to Decrease Omitted Medications. Nurs Forum. 
2013;48(3):211-222. doi: 10.1111/nuf.12025 
20. Weigl M, Muller A, Vincent C, Angerer P, Sevdalis N. The association of workflow interruptions 
and hospital doctors' workload: a prospective observational study. BMJ Qual Saf. 
2012;21(5):399-407. doi: 10.1136/bmjqs-2011-000188 
21. Grundgeiger T, Sanderson P, MacDougall HG, Venkatesh B. Interruption Management in the 
Intensive Care Unit: Predicting Resumption Times and Assessing Distributed Support. J Exp 
Psychol-Appl. 2010;16(4):317-334. doi: 10.1037/a0021912 
22. Cole G, Stefanus D, Gardner H, Levy MJ, Klein EY. The impact of interruptions on the duration 
of nursing interventions: a direct observation study in an academic emergency department. 
BMJ Qual Saf. 2016;25(6):457-465. doi: 10.1136/bmjqs-2014-003683 
23. France DJ, Levin S, Hemphill R, et al. Emergency physicians’ behaviors and workload in the 
presence of an electronic whiteboard. Int J Med Inform. 2005;74(10):827-837. doi: 
10.1016/j.ijmedinf.2005.03.015 
24. Rothschild JM, Landrigan CP, Cronin JW, et al. The Critical Care Safety Study: The incidence 
and nature of adverse events and serious medical errors in intensive care. Crit Care Med. 
2005;33(8):1694-1700. doi: 10.1097/01.Ccm.0000171609.91035.Bd 
25. Wu AW. Medical error: the second victim - The doctor who makes the mistake needs help too. 
Brit Med J. 2000;320(7237):726-727. doi: 10.1136/bmj.320.7237.726 
26. Santomauro C, Kalkman C, Dekker S. Second victims, organizational resilience and the role of 
hospital administration. Journal of Hospital Administration. 2014;3(5):95-103. doi: 
10.5430/jha.v3n5p95 
27. Denham RC. TRUST: The 5 Rights of the Second Victim. J Patient Saf. 2007;3(2):107-119. 
doi: 10.1097/01.jps.0000236917.02321.fd 
28. Tucker AL. The impact of operational failures on hospital nurses and their patients. J Oper 
Manag. 2004;22(2):151-169. doi: 10.1016/j.jom.2003.12.006 
   
64 
 
29. Ehsani JP, Jackson T, Duckett SJ. The incidence and cost of adverse events in Victorian 
hospitals 2003-04. The Medical Journal of Australia. 2006;184(11):551-555. 
30. Tubbs-Cooley HL, Pickler RH, Younger JB, Mark BA. A descriptive study of nurse-reported 
missed care in neonatal intensive care units. J Adv Nurs. 2015;71(4):813-824. doi: 
10.1111/jan.12578 
31. Flynn EA, Barker KN, Gibson JT, Pearson RE, Berger BA, Smith LA. Impact of interruptions 
and distractions on dispensing errors in an ambulatory care pharmacy. Am J Health-Syst Ph. 
1999;56(13):1319-1325. 
32. Westbrook JI, Raban MZ, Walter SR, Douglas HE. Task errors by emergency physicians are 
associated with interruptions, multitasking, fatigue and working memory capacity: a 
prospective, direct observation study. BMJ Qual Saf. 2018. doi: 10.1136/bmjqs-2017-007333 
33. Poots AJ, Reed JE, Woodcock T, Bell D, Goldmann D. How to attribute causality in quality 
improvement: lessons from epidemiology. BMJ Qual Saf. 2017;26(11):933-937. doi: 
10.1136/bmjqs-2017-006756 
34. Biron AD, Loiselle CG, Lavoie-Tremblay M. Work Interruptions and Their Contribution to 
Medication Administration Errors: An Evidence Review. Worldv Evid-Based Nu. 2009;6(2):70-
86. doi: 10.1111/j.1741-6787.2009.00151.x 
35. Hopkinson SG, Jennings BM. Interruptions during nurses' work: A state-of-the-science review. 
Res Nurs Health. 2013;36(1):38-53. doi: 10.1002/nur.21515 
36. Magrabi F, Li SYW, Day RO, Coiera E. Errors and electronic prescribing: a controlled 
laboratory study to examine task complexity and interruption effects. J Am Med Inform Assn. 
2010;17(5):575-583. doi: 10.1136/jamia.2009.001719 
37. Campoe KR, Giuliano KK. Impact of Frequent Interruption on Nurses’ Patient-Controlled 
Analgesia Programming Performance. Hum Factors. 2017;59(8):1204-1213. doi: 
10.1177/0018720817732605 
38. Jones J, Wilkins M, Caird J, Kaba A, Cheng A, Ma IWY. An experimental study on the impact 
of clinical interruptions on simulated trainee performances of central venous catheterization. 
Advances in Simulation. 2017;2(1):1-7. doi: 10.1186/s41077-017-0038-1 
39. Prakash V, Koczmara C, Savage P, et al. Mitigating errors caused by interruptions during 
medication verification and administration: interventions in a simulated ambulatory 
chemotherapy setting. BMJ Qual Saf. 2014;23(11):884-892. doi: 10.1136/bmjqs-2013-002484 
40. Dornheim MA. Crew distractions emerge as new safety focus. Aviat Week Space Tec. 
2000;153(3):58-60. 
41. Latorella KA. Effects of modality on interrupted flight deck performance: Implications for data 
link. Proceedings of the Human Factors and Ergonomics Society Annual Meeting. 1998;42:87-
91. 
42. Latorella KA. Investigating interruptions: Implications for flightdeck performance. Unpublished 
thesis. 1996. 
   
65 
 
43. Altmann EM, Trafton JG, Hambrick DZ. Momentary Interruptions Can Derail the Train of 
Thought. J Exp Psychol Gen. 2014;143(1):215-226. doi: 10.1037/a0030986 
44. Foroughi CK, Werner NE, Nelson ET, Boehm-Davis DA. Do interruptions affect quality of work? 
Hum Factors. 2014;56(7):1262-1271. doi: 10.1177/0018720814531786 
45. Grundgeiger T, Sanderson P. Interruptions in healthcare: Theoretical views. Int J Med Inform. 
2009;78(5):293-307. doi: 10.1016/j.ijmedinf.2008.10.001 
46. Rivera-Rodriguez AJ, Karsh BT. Interruptions and distractions in healthcare: review and 
reappraisal. Qual Saf Health Care. 2010;19(4):304-312. doi: 10.1136/qshc.2009.033282 
47. Dall'Oglio I, Fiori M, Di Ciommo V, et al. Effectiveness of an improvement programme to 
prevent interruptions during medication administration in a paediatric hospital: a 
preintervention–postintervention study. BMJ Open. 2017;7(1):1-8. doi: 10.1136/bmjopen-2016-
013285 
48. Westbrook JI, Li L, Hooper TD, Raban MZ, Middleton S, Lehnbom EC. Effectiveness of a ‘Do 
not interrupt’ bundled intervention to reduce interruptions during medication administration: a 
cluster randomised controlled feasibility study. BMJ Qual Saf. 2017;26(9):734-742. doi: 
10.1136/bmjqs-2016-006123 
49. Flynn EA, Evanish JQ, Fernald JM, Hutchinson DE, Lefaiver C. Progressive care nurses 
improving patient safety by limiting interruptions during medication administration. Crit Care 
Nurse. 2016;36(4):19-35. doi: 10.4037/ccn2016498 
50. Raban MZ, Westbrook JI. Are interventions to reduce interruptions and errors during 
medication administration effective?: a systematic review. BMJ Qual Saf. 2014;23(5):414. doi: 
10.1136/bmjqs-2013-002118 
51. Tomietto M, Sartor A, Mazzocoli E, Palese A. Paradoxical effects of a hospital-based, multi-
intervention programme aimed at reducing medication round interruptions. J Nurs Manag. 
2012;20(3):335-343. doi: 10.1111/j.1365-2834.2012.01329.x 
52. Myers RA, Parikh PJ. Nurses’ work with interruptions: an objective model for testing 
interventions. Health Care Manage Sci. 2017. doi: 10.1007/s10729-017-9417-3 
53. McDaniel MA, Einstein GO. Strategic and automatic processes in prospective memory 
retrieval: A multiprocess framework. Appl Cognitive Psych. 2000;14:S127-S144. doi: DOI 
10.1002/acp.775 
54. Botvinick MM, Bylsma LM. Distraction and action slips in an everyday task: Evidence for a 
dynamic representation of task context. Psychon B Rev. 2005;12(6):1011-1017. doi: 
10.3758/Bf03206436 
55. Bailey BP, Konstan JA. On the need for attention-aware systems: Measuring effects of 
interruption on task performance, error rate, and affective state. Computers in Human 
Behavior. 2006;22(4):685-708. doi: 10.1016/j.chb.2005.12.009 
56. Hodgetts HM, Jones DM. Interruption of the tower of London task: Support for a goal-activation 
approach. J Exp Psychol Gen. 2006;135(1):103-115. doi: 10.1037/0096-3445.135.1.103 
   
66 
 
57. Ratwani RM, Trafton JG. Now, Where Was I? Examining the Perceptual Processes while 
Resuming an Interrupted Task. Proceedings of the Annual Meeting of the Cognitive Science 
Society. 2006;28:679-684. 
58. Monk CA, Trafton JG, Boehm-Davis DA. The Effect of Interruption Duration and Demand on 
Resuming Suspended Goals. J Exp Psychol-Appl. 2008;14(4):299-313. doi: 10.1037/a0014402 
59. Li SYW, Cox AL, Blandford A, Cairns P, Young RM, Abeles A. Further investigations into post-
completion error: the effects of interruption position and duration. Proceedings of the 28th 
Annual Meeting of the Cognitive Science Conference. 2006:471-476. 
60. Trafton JG, Altmann EM, Brock DP, Mintz FE. Preparing to resume an interrupted task: effects 
of prospective goal encoding and retrospective rehearsal. Int J Hum-Comput St. 
2003;58(5):583-603. doi: 10.1016/S1071-5819(03)00023-5 
61. Foroughi CK, Werner NE, Barragan D, Boehm-Davis DA. Interruptions Disrupt Reading 
Comprehension. J Exp Psychol Gen. 2015;144(3):704-709. doi: 10.1037/xge0000074 
62. Dismukes K. Concurrent Task Management and Prospective Memory: Pilot Error as a Model 
for the Vulnerability of Experts. Proceedings of the Human Factors and Ergonomics Society 
Annual Meeting. 2006;50(9):909-913. doi: 10.1177/154193120605000910 
63. Hodgetts HM, Jones DM. Contextual cues aid recovery from interruption: The role of 
associative activation. J Exp Psychol Learn. 2006;32(5):1120-1132. doi: 10.1037/0278-
7393.32.5.1120 
64. Li SYW, Blandford A, Cairns P, Young RM. The Effect of Interruptions on Postcompletion and 
Other Procedural Errors: An Account Based on the Activation-Based Goal Memory Model. J 
Exp Psychol-Appl. 2008;14(4):314-328. doi: 10.1037/a0014397 
65. Edwards MB, Gronlund SD. Task Interruption and its Effects on Memory. Memory. 
1998;6(6):665-687. doi: 10.1080/741943375 
66. Oulasvirta A, Saariluoma P. Long-term working memory and interrupting messages in human-
computer interaction. Behav Inform Technol. 2004;23(1):53-64. doi: 
10.1080/01449290310001644859 
67. Hess SM, Detweiler MC. Training to reduce the disruptive effects of interruptions. Proceedings 
of the Human Factors and Ergonomics Society Annual Meeting. 1994;38(18):1173-1177. 
68. Cades DM, Davis DAB, Trafton JG, Monk CA. Does the Difficulty of an Interruption Affect our 
Ability to Resume? Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting. 2007;51(4):234-238. doi: 10.1177/154193120705100419 
69. Speier C, Valacich JS, Vessey I. The influence of task interruption on individual decision 
making: An information overload perspective. Decision Sci. 1999;30(2):337-360. doi: 
10.1111/j.1540-5915.1999.tb01613.x 
70. Iqbal S, Bailey B. Investigating the effectiveness of mental workload as a predictor of 
opportune moments for interruption. CHI ’05 Extended Abstracts on Human Factors in 
Computing Systems. 2005:1489-1492. doi: 10.1145/1056808.1056948 
   
67 
 
71. Grundgeiger T, Sanderson PM, Orihuela CB, et al. Prospective memory in the ICU: the effect 
of visual cues on task execution in a representative simulation. Ergonomics. 2013;56(4):579-
589. doi: 10.1080/00140139.2013.765604 
72. Trafton JG, Altmann EM, Brock DP. Huh, what was I Doing? How People Use Environmental 
Cues after an Interruption. Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting. 2005;49(3):468-472. doi: 10.1177/154193120504900354 
73. Ratwani RM, Trafton JG. An Eye Movement Analysis of the Effect of Interruption Modality on 
Primary Task Resumption. Hum Factors. 2010;52(3):370-380. doi: 
10.1177/0018720810374195 
74. Araujo D, Davids K, Passos P. Ecological validity, representative design, and correspondence 
between experimental task constraints and behavioral setting: Comment on Rogers, Kadar, 
and Costall (2005). Ecol Psychol. 2007;19(1):69-78. doi: 10.1080/10407410709336951 
75. Hammond KR, Stewart TR. The essential Brunswik: Beginnings, explications, applications. 
New York, NY: Oxford University Press; 2001. 
76. Dhami MK, Hertwig R, Hoffrage U. The role of representative design in an ecological approach 
to cognition. Psychol Bull. 2004;130(6):959-988. doi: 10.1037/0033-2909.130.6.959 
77. Smith MW, Bentley MA, Fernandez AR, Gibson G, Schweikhart SB, Woods DD. Performance 
of Experienced Versus Less Experienced Paramedics in Managing Challenging Scenarios: A 
Cognitive Task Analysis Study. Ann Emerg Med. 2013;62(4):367-379. doi: 
10.1016/j.annemergmed.2013.04.026 
78. Dieckmann P, Gaba D, Rall M. Deepening the Theoretical Foundations of Patient Simulation 
as Social Practice. Simulation in Healthcare. 2007;2(3):183-193. doi: 
10.1097/SIH.0b013e3180f637f5 
79. Hansen JP, Løvborg L, Rasmussen J. Simulation of cognitive behaviour in computer games. 
Proceedings of the 2nd MOHAWC Workshop on Cognitive Modelling. Roskilde: Risø National 
Laboratory, Manchester, UK1991. 
80. Gibson JJ. The ecological approach to visual perception. Hillsdale, NJ: Lawrence Erlbaum 
Associates, Inc.; 1979/1986. 
81. Rasmussen J, Pejtersen A, Goodstein L. Cognitive systems engineering. New York, NY: Wiley 
1994. 
82. Sanderson P, Burns C. Rasmussen and the boundaries of empirical evaluation. Appl Ergon. 
2017;59:649-656. doi: 10.1016/j.apergo.2016.10.003 
83. Woods DD. Coping with complexity: the psychology of human behaviour in complex systems. 
In: Goodstein L, Andersen HB, Olsen SE, eds. Tasks, errors, and mental models. Bristol, PA: 
Taylor & Francis, Inc. ; 1988:128-148. 
84. Woods DD. Discovering how distributed cognitive systems work. In: Hollnagel E, ed. Handbook 
of cognitive task design. Boca Raton, FL: CRC Press; 2003:37-53. 
   
68 
 
85. Woods DD. Process tracing methods for the study of cognition outside of the experimental 
psychology laboratory. In: Klein G, Orasanu J, Calderwood R, Zsambok CE, eds. Decision 
making in action: Models and methods. Norwood, NJ: Ablex Publishing Corporation; 1993:228-
251. 
86. Trafton JG, Monk CA. Task interruptions. Reviews of Human Factors and Ergonomics. 
2007;3(1):111-126. doi: 10.1518/155723408X299852 
87. Walter SR, Raban MZ, Dunsmuir WTM, Douglas HE, Westbrook JI. Emergency doctors' 
strategies to manage competing workload demands in an interruptive environment: An 
observational workflow time study. Appl Ergon. 2017;58:454-460. doi: 
10.1016/j.apergo.2016.07.020 
88. Sanderson PM, Grundgeiger T. How do interruptions affect clinician performance in 
healthcare? Negotiating fidelity, control, and potential generalizability in the search for answers. 
Int J Hum-Comput St. 2015;79:85-96. doi: 10.1016/j.ijhcs.2014.11.003 
89. Cook R, Rasmussen J. "Going solid'': a model of system dynamics and consequences for 
patient safety. Qual Saf Health Care. 2005;14(2):130-134. doi: 10.1136/qshc.2003.009530 
90. Ratwani RM, Fong A, Puthumana JS, Hettinger AZ. Emergency physician use of cognitive 
strategies to manage interruptions. Ann Emerg Med. 2016;70(5):683-687. doi: 
10.1016/j.annemergmed.2017.04.036 
91. Gao J, Rae WA, Dekker SWA. Intervening in Interruptions: What Exactly Is the Risk We Are 
Trying to Manage? J Patient Saf. 2017. doi: 10.1097/PTS.0000000000000429 
92. Werner NE, Holden RJ. Interruptions in the wild: Development of a sociotechnical systems 
model of interruptions in the emergency department through a systematic review. Appl Ergon. 
2015;51:244-254. doi: 10.1016/j.apergo.2015.05.010 
 
   
69 
 
Manuscript 1 
Santomauro, C., & Sanderson, P. (2017). The effect of interruptions on errors in a simulated 
work environment: A controlled study seeking a causal connection. Manuscript in 
preparation. 
  
   
70 
 
The effect of interruptions on errors in a simulated work environment: A controlled 
study seeking a causal connection 
 
Chiara Santomauro1* 
Professor Penelope Sanderson123 
 
 
1School of Psychology 
2School of Information Technology and Electrical Engineering 
3School of Clinical Medicine 
The University of Queensland  
St Lucia, QLD 4072 
Australia 
 
*Corresponding author: c.santomauro@uq.edu.au 
  
   
71 
 
Abstract 
The relationship between interruptions and performance has been extensively studied in 
laboratory settings. Most such studies are computer-based, with scenario-irrelevant 
interruptions and few action alternatives available to participants, reducing potential 
generalizability to complex work contexts such as healthcare. Using an immersive bartending 
simulation, we investigated whether working bartenders who received a higher number of 
work-related interruptions committed more cocktail-making errors than bartenders who 
received a lower number of work-related interruptions. Experiment 1 used zero interruptions to 
gauge the baseline error rate. 10 Bartenders prepared several beverages and their error rate 
was used in the power analysis for Experiment 2. In Experiment 2, bartenders received either 
3 (N = 18) or 12 (N = 18) scenario-relevant interruptions during the experiment and cocktail 
errors were determined by video analysis. Bartenders who received 12 interruptions 
committed cocktail errors 1.44 times (95% CI [1.03, 2.00]) more frequently than bartenders 
who received 3 interruptions, p = .031. The effect decreased when corrected errors were 
removed. Overall, the findings point to a causal relationship between interruptions and errors. 
The findings were used to guide the design and statistical power analysis of a subsequent 
large-scale healthcare simulation study testing the same hypothesis with intensive care 
nurses. 
 
Keywords: interruptions, simulation, healthcare, representative design, bartending 
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The effect of interruptions on errors in a simulated work environment: A controlled study 
seeking a causal connection 
The disruptive effects of interruptions on human performance have been well established 
in the literature (Trafton & Monk, 2007). Interruptions have been associated with several 
negative outcomes such as prospective memory failures (Monk, Trafton, & Boehm-Davis, 
2008), performance decrements (Li, Blandford, Cairns, & Young, 2008), increased time to 
complete tasks (Hodgetts & Jones, 2006b), and errors (Altmann, Trafton, & Hambrick, 2014). 
In healthcare, interruptions are a common and accepted aspect of work, particularly in the 
Intensive Care Unit (ICU) where interruptions can occur up to 12 times per hour (McCurdie, 
Sanderson, & Aitken, 2018). Currently, it is not known whether interruptions cause errors in 
healthcare, despite a large body of research suggesting that an associative relationship exists 
(Grundgeiger & Sanderson, 2009; Hopkinson & Jennings, 2013; McCurdie, Sanderson, & 
Aitken, 2017).  
The ultimate objective of the research program of which the present studies are a part was 
to carry out a high-fidelity simulation study in an ICU to test whether interruptions cause 
medical errors, so that healthcare professionals could be better informed when developing 
interventions and policy. However, we faced a number of uncertainties and constraints when 
operationalizing the healthcare study. Therefore, we first conducted two non-healthcare 
simulation studies with similar properties to the intended healthcare study. The non-healthcare 
studies allowed us to determine the effectiveness of our approach to scenario design, test the 
underlying hypothesis, and calculate a statistical power analysis. They also provided a basis 
for generalization of the findings to healthcare, which proved to be successful. 
In the remainder of the introduction we cover the following topics. First, we discuss the gap 
in knowledge that we sought to fill with this research program. Second, we outline our 
reasoning for attempting a mapping from a healthcare domain to a non-healthcare domain—
bartending. Third, we present parallels between the healthcare and bartending domains that 
were exploited in our study. Fourth, we describe the creation of scenarios for the studies in 
both domains. Fifth, we outline the general nature of the interruptions that were introduced in 
both domains, and specify how the interruptions were operationalized for the bartender 
simulation studies. Finally, we present the hypothesis tested. The logic of our research 
program is shown in Figure 1. 
Gap in Knowledge 
Currently, most of the evidence of a relationship between interruptions and errors in 
healthcare in associative. In an example, Westbrook, Woods, Rob, Dunsmuir, and Day (2010) 
found that the number of interruptions a nurse received during a medication round was 
positively associated with the number of clinical errors they committed. A few empirical studies 
suggest that a causal relationship between interruptions and errors may exist (Prakash et al., 
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2014), but it is still unclear whether more interruptions directly cause more errors. A recent 
simulation study investigated the effect of differing numbers of interruptions on nurses’ 
performance at programming a medication pump, but the study was underpowered to find a 
significant effect for errors (Campoe & Giuliano, 2017).  
Most laboratory-based studies investigating interruptions require the participant to 
complete tasks on a computer and while receiving precisely-timed computer-based 
interruptions that cannot be avoided (Altmann et al., 2014; Monk et al., 2008; Ratwani & 
Trafton, 2010). Such studies are highly controlled and their findings may not generalize to 
authentic work environments where tasks are not exclusively computer-based and where 
interruptions come from several sources, including people and equipment. Some laboratory 
studies have explored interruptions during everyday tasks, but the interruptions themselves 
are artificial to the situation (Botvinick & Bylsma, 2005; Foroughi, Werner, Barragan, & Boehm-
Davis, 2015; Foroughi, Werner, Nelson, & Boehm-Davis, 2014). The artificial nature of most 
laboratory-based experiments means it is difficult to draw conclusions from them about the 
effect of interruptions in complex authentic work contexts such as healthcare, where 
interruptions are believed to be associated with medical errors (Johnson et al., 2017; 
Westbrook et al., 2010). 
In the present study, we aimed to fill the gap in the literature by employing a controlled 
empirical study that is adequately powered to find an effect, if one exists, and by creating an 
environment where participants are free to deal with interruptions as they please. It is rare for 
laboratory studies to be carried out with interruptions that are directly relevant to the scenario. 
Scenario-relevant interruptions may (a) affect the degree to which the interruption affects the 
participant’s performance, (b) more effectively conceal the research aims to the participant, 
and (c) make the findings more generalizable to complex work systems, such as healthcare. 
Towards a Representative Study 
The studies reported herein were conducted as a research risk-management undertaking 
in advance of a major healthcare simulation study, where our focus was ICU nurses 
performing medication preparation and administration. We needed to perform a statistical 
power analysis to determine the ultimate sample size, but performing pilot investigations with 
our target population would reduce the pool of potential participants for the main simulation 
study.  
We considered recruiting non-ICU nurses from different wards or ICU nurses from other 
hospitals for pilot work, but this would have required adjustments to scenarios and equipment 
that deviate from the genuine situations. Subject matter expert advice was that interruptions 
are unique to each ward, so the interruptions designed for ICU nurses could be unfamiliar or 
strange to non-ICU nurses. We also considered designing a ‘hybrid’ scenario that could apply 
to all nurses, but naturalism would be compromised.  
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As a result, we designed a separate non-healthcare study to overcome these issues. The 
non-healthcare study was intended not only to inform the design of the healthcare study, but 
also to contribute to the interruptions literature in a unique and substantive way. First, unlike 
most other laboratory studies, the study would be designed to include interruptions that are 
representative of those that would occur in the context being studied. Second, the study would 
be one of the first to investigate the effect of a lower versus higher number of workplace 
interruptions on subsequent errors in a medium-fidelity simulated work setting. The findings 
would provide better insight into the effect of interruptions in authentic work settings. 
The setting and tasks chosen for the non-healthcare study had to be sufficiently similar to 
the healthcare study that we could use the findings of the former to inform the design of the 
latter, but also different enough to avoid the use of hospital resources. To do this, we drew on 
three ideas. 
First, we drew on components of representative design (Brunswik, 1956) to find a task that 
embodied the high-level properties of medication preparation and administration, but in a non-
healthcare domain with good access to professionals appropriate to that domain. 
Representative design emphasises the importance of ensuring the properties of a task, 
condition, or setting to which the researcher intends to generalise the findings are captured in 
a laboratory study (Hammond & Stewart, 2001). In order to generalize findings to authentic 
situations, the properties of those situations should be sampled in the study, just as a 
population might be represented with a sample of individuals (Araujo, Davids, & Passos, 
2007).  
Second, we drew on the work of Rasmussen, Pejtersen, and Goodstein (1994) relating to 
the boundaries of generalisation possible with different kinds of experiments. Rasmussen et al. 
proposed that researchers should consciously specify and plan for a certain level of 
generalizability. In one seemingly extreme example, Hansen, Løvborg, and Rasmussen (1991) 
developed a computer game–Gymnastic Girl–to explore how people learn complex motor 
skills. This tactic allowed the researchers to explore certain aspects of skill development 
without having to recruit professionals from resource-intensive domains.  
Third, we drew on Woods’ (1988, 2003) concept of the cognitive triad of authentic work. An 
important consideration was to respect the balance between (a) the expertise of agents, (b) 
the authenticity of the tasks presented, while giving agents (c) tools to express their expertise 
and professional standards. A simulation, or ‘staged world’ in Woods’ (1993) terms, must 
provide the above, even if in a relatively low-fidelity environment.  
We sought a domain in which we could achieve all the above, and in which the population 
of experts was large enough to support adequate sample sizes. The domain of bartending and 
the task of cocktail making offered some of the above properties.  The following sections 
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outline how we mapped the domain properties, scenarios, and interruptions across the 
healthcare and bartending domains (see Figure 1).  
Bartending Domain 
Cocktail making shares high-level similarities with medication preparation and 
administration, although performed in a very different environment under different conditions. 
Table 1 shows some of the similarities across medication preparation and administration in a 
hospital ICU and cocktail making in a bar: they include the environment, the use of controlled 
substances, production standards, perceptual motor skills, task structure, and working memory 
demands. 
To design the bartending study, our first step was to map the physical environment across 
the two domains, to ensure that both studies possessed similar properties. We made minor 
adjustments to increase the structural and functional similarities across domains, while 
preserving participants’ ability to perform professionally. For example, an ‘electronic beverage 
ordering system’ was created for the bartending study for participants to sign off an order and 
add it to a table’s bill once it was completed, similarly to the way nurses document a 
medication administration on their electronic medical records system. Further, an important 
element of the ICU is that it has a separate closed-off ‘medication room’ where nurses prepare 
all restricted medications, such as pain relief medications. Depending on a nurse’s primary 
task and location, interruptions can require nurses to enter or exit the room (to check or collect 
something, or to assist another nurse). This change of context creates difficulties in resuming 
the primary task (Grundgeiger, Sanderson, MacDougall, & Venkatesh, 2010). A separate 
closed-off ‘alcohol room’ was thus created in the bartending study where bartenders were to 
prepare all the alcohol servings needed for a particular drinks order, and a domain-specific 
rationale was provided.   
Scenario Design 
Our next step was to design the high-level structure of the cocktail making scenarios to 
approximate the high-level structure of the medication preparation and administration 
scenarios, in order to support generalization across the studies (Table 2). Each scenario was 
approximately 20 minutes and both studies included three scenarios. In the healthcare study, 
nurses would prepare and administer 1-2 intravenous medications per scenario, totaling 5 
medications. In the bartending study, bartenders would prepare 2 orders of multiple beverages 
per scenario, totaling 6 orders. In the healthcare study, participants would work with a 
confederate acting as a team leader who had their own tasks but who would interrupt as the 
scenario demanded. Similarly, in the bartending study, the confederate would act as a front of 
house staff member who had their own tasks but who also delivered most interruptions.  
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Interruptions 
Once the high-level structure of the bartending scenarios was matched to the healthcare 
scenarios and finalized, the next step was to design the interrupting tasks and add them to the 
scenarios. In the healthcare study, the types of interruptions, their properties, as well as their 
point of occurrence were designed based on interruptions theory and prospective memory 
theory to maximize their disruptiveness (e.g., duration, complexity, Santomauro & Sanderson, 
2017). The healthcare interruptions had been designed after consultation with ICU nursing 
colleagues about the types of interruptions that occur (e.g., phone calls, requests from other 
nurses to check medications against orders, carry out medication related tasks, or fulfill patient 
requests).  
It was important to ensure that the bartending interruptions shared the above abstract 
properties to justify the generalizability of the bartending study findings to the healthcare study. 
In each of the 3 scenarios, 4 interruptions were created, totaling 12 interruptions in 
approximately 1 hour (similar to rates found in Spencer & Logan, 2002). The bartending 
interruptions were designed and precisely timed so as to maximize their disruptiveness, based 
on prior research, and they were mapped to the healthcare interruptions.  
Table 3 shows how the interruptions were operationalized for each cocktail making 
scenario. The table shows the primary task at the time of interruption, a description of the 
interruption and, in the rightmost column, the theoretical basis for presuming that the 
interruption might lead to an error. All of the interruptions were designed to occur during the 
middle of a task; literature suggests that this is the most disruptive point of occurrence 
because working memory is high (Bailey & Konstan, 2006; Hodgetts & Jones, 2006b; Li, 
Magrabi, & Coiera, 2012). Additionally, all of the interruptions were designed to be as long as 
possible because longer interruptions are more disruptive (Altmann et al., 2014; Hodgetts & 
Jones, 2006a; Monk et al., 2008).  
A variety of other disruptive effects of interruptions were taken into account when designing 
each interruption (Table 3). First, Trafton, Altmann, Brock, and Mintz (2003) found that 
participants who were denied any break between the interruption warning and interrupting task 
were slower to return to the primary task compared to participants who received a short break. 
Second, Grundgeiger et al. (2010) revealed that changes in location between the primary task 
and interrupting task also lead to longer resumption times following the completion of the 
interrupting task. Third, Edwards and Gronlund (1998) found that interruptions that are similar 
to the primary task create more difficulties in recovery. Fourth, Hodgetts and Jones (2006b) 
revealed that more complex interrupting tasks increased the time taken to retrieve initial goals. 
Fifth, Magrabi, Li, Day, and Coiera (2010) found that complex primary tasks are more difficult 
to resume when interrupted compared to simple primary tasks. Sixth, Grundgeiger et al. 
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(2013) found that a lack of visual cues resulted in worse prospective memory performance 
following an interruption.  
Hypothesis 
The interruptions were designed to elicit clinical errors in the healthcare study and cocktail 
errors in the bartending study. In the domain of healthcare, Westbrook et al. (2010) identified 
clinical errors by comparing the observed medication administered with the patient’s 
medication chart to detect any deviations from the prescription. Similarly, we identified cocktail 
errors as any deviation observed from the beverage’s ingredients or procedure that would 
result in the ‘customer’ receiving a beverage inconsistent with what they ordered.  
We hypothesized that significantly more cocktail errors would occur when bartenders were 
interrupted a larger number of times compared to a smaller number of times. In Experiment 1 
we operationalized the cocktail scenarios and determined the rate of cocktail errors that 
bartenders would make when there were no interruptions. Using the data from Experiment 1, 
we performed a statistical power analysis for Experiment 2, in which the number of 
interruptions was manipulated between participants and the count of cocktail errors was 
measured. 
Experiment 1 
In Experiment 1, the cocktail making scenarios were run without any interruptions, to 
determine the baseline rate for cocktail errors. The baseline error rates were later integrated 
with observational data from the literature to calculate a statistical power analysis for 
Experiment 2.  
Method 
Design. This study was exploratory with a single condition, so it had no independent 
variable. The dependent variable was cocktail errors. 
Participants. We recruited 10 bartenders (Mage = 25.60, SDage = 7.23, 60% female) with an 
average of 2 years’ cocktail making experience in a licensed venue (SD = 8.50 months), 
ranging from 6 months to 5 years. Participants were either currently working as a bartender or 
had gained experience in the past.  
Flyers were placed around campus and local bars and restaurants in the area, and 
advertised on local bartending groups on Facebook. Bartenders who were also undergraduate 
psychology students were recruited via the first-year participant pool. Participants were 
required to have at least one month of cocktail making experience in a licensed venue. 
Simulation setup. The simulation was carried out in The University of Queensland 
Usability Laboratory. The testing room was set up to represent the back of house of a cocktail 
bar and a small alcohol room where all the spirits were stored. All scenario-relevant equipment 
and materials were installed such as a fridge, freezer, cocktail making equipment, washing up 
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buckets, as well as a phone that connected to a phone in the control room. An electronic 
beverage ordering system was programmed in LiveCode™ and installed on the computer in 
the simulation room where bartenders could view beverage orders and sign them off as 
completed. The alcohol room was separated by a partition and contained bottles of spirits filled 
with water, measured shot glasses, and a tray on the bench to place shots glasses. 
Instructions for how to make each cocktail and the ingredients required were affixed to a wall 
for participants to refer to whenever required. 
To aid the participant’s immersion, an audio track with bar crowd noise and background 
music (jazz backing tracks) was played continuously at around 65-70dB(A). Treble was 
reduced to give the impression that the sound came from the front of house, outside the 
simulation room.  
Activity in the simulation room was viewed from a control room through one-way glass. The 
experimental coordinator remained in the control room for the duration of the simulation to 
coordinate the scenarios and communicate with the confederate via walkie talkie. The 
confederate was a research assistant acting as a Front of House Worker (FOHW) who 
provided training/familiarisation, helped participants when required, entered and exited the 
room as scripted, and had their own tasks to complete in the scenario (Figure 2).  
Data capture and recording. Video footage was captured with four ceiling-mounted 
cameras and a Logitech™ camera mounted on the workstation to capture fine-grained details. 
Video feeds (cameras and computer screen) were synchronised, recorded, and streamed live 
with Open Broadcaster Software™. Audio was captured with (a) a pressure zone microphone 
in the simulation room, (b) a lapel microphone worn by the participant, and (c) walkie talkies 
worn by the confederate and experimental coordinator. Audio feeds were synchronised, 
recorded, and live streamed with Audio Hijack™. During the experiment, the experimental 
coordinator recorded any cocktail errors that were detected. More detailed video analysis took 
place after the experiment.  
Scenario design. Each participant performed cocktail making tasks in three scenarios that 
were joined to form a continuous bartending experience. Each scenario included two table 
orders containing 2-4 beverages each. The scenarios involved preparing alcoholic beverages 
and the scenario events occurred in the same order for each participant. Beverages ranged 
from low complexity (e.g., pouring a glass of wine) to high complexity (e.g., a mojito with a 
customer requested alteration). As noted earlier and illustrated in Tables 1 and 2, the 
environment and scenarios were mapped to the healthcare study environment and scenarios. 
Procedure. The whole experiment took approximately 2-3 hours to run, depending on 
each participant’s pace. On arrival, the participant read the information sheet, signed the 
informed consent form, and completed a demographic survey. Participants were told that the 
researchers were interested in workflow and team communication, to conceal the true study 
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aim. The experimental coordinator explained that the simulation may be slightly unusual 
compared with the participant’s work environment, but reassured the participant that the 
reason would be revealed at the end. The experimental coordinator attached the microphone 
to the participant and showed them to the simulation room where the FOHW was waiting. The 
experimental coordinator exited the room after introducing the participant and FOHW to each 
other, and the bartending work started. 
Instructions and training. The FOHW provided background information about the cocktail 
bar (i.e., it is a boutique bar with strict management and loyal customers) and explained the 
FOWH and participant’s roles. The FOHW then showed the participant the locations of 
equipment and stock, demonstrated the computer system functionalities, and explained the 
rules and procedures of the scenario. The FOHW trained the participant on every beverage 
and walked through each step in detail to ensure the participant understood exactly how to 
make each beverage and how to do it safely.  
Participants were asked to prepare each beverage exactly as trained, and to complete 
each beverage from start to finish before moving on to the next one. The alcohol room was to 
be entered only once per table order so the participant was trained to measure all spirits for all 
beverages at once. Participants were also trained on the order in which they should make 
each beverage, with domain-appropriate justifications (e.g., martinis must be made last 
because they do not contain ice and may get warm while other beverages are being made). 
For the experimental coordinator, these instructions ensured that the interruptions could be 
delivered at the right times in Experiment 2. A new table order was always uploaded while the 
participant prepared the beverages for the current order.  
Participants were trained to place all completed beverages on a tray, bring that tray to a 
separate table, ring a bell to signify that the beverages were ready to be delivered to the 
‘customers’, and check the order off on the electronic beverage ordering system so the 
beverages would be added to the table’s bill. The FOHW delivered the beverages to the 
‘customers’ by exiting the room with the tray. The FOHW always had their own tasks to 
complete such as ordering stock and polishing glasses.  
Testing. After training, the participant was offered a five-minute break. Then, at the start of 
the main testing session, the FOHW had a brief casual conversation with the participant about 
their work experience. The FOHW then received a call on the walkie talkie that a customer 
was missing a white wine and asked the participant to make one while they went outside to 
speak with the customer. The first table order was uploaded to the electronic beverage 
ordering system while the participant was pouring the wine. The participant would typically 
notice the table order and begin preparing the beverages, signifying the beginning of Scenario 
1. The FOHW re-entered the room and would prompt the participant to check the computer if 
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they had not noticed the table order. The next two scenarios unfolded with no break between 
them. 
Concluding. Towards the end of Scenario 3, the FOHW told the participant the bar was 
closing for the night. The participant was told to finish their tasks, do a brief clean up, and call 
the FOHW when they were finished. After the simulation, the participant completed a NASA-
TLX subjective workload survey and answered questions about the FOHW. Paid participants 
received a $30 voucher and undergraduate participants received course credit. A debrief sheet 
was also provided. The purpose of the study was revealed to participants verbally but was not 
included in the debrief sheet.  
Results 
Reflecting the approach taken by (Westbrook et al., 2010), we calculated a cocktail error 
rate by dividing the number of beverages that contained at least one cocktail error by the total 
number of beverages a participant made, which was 18. This error rate referred to the final 
products delivered to the ‘customer’. If a participant realized and corrected an error before it 
was delivered, that error was not included in the analysis.  
Participants made 5–24 cocktail errors overall, and 0–5 cocktail errors per beverage. The 
average proportion of beverages that were delivered to customers containing at least one 
cocktail error was 43.9% (SD = 18.4%). There was considerable variability across the 
participants: 17% to 78% of beverages contained at least one error.  
Participants had an average NASA-TLX workload score of 9.2 out of 20. Participants rated 
the FOHW low on both distractibility and annoyingness – 1.9 and 1.3, respectively, out of 9.  
Discussion 
The results from Experiment 1 were used to calculate a statistical power analysis for 
Experiment 2, in which interruptions would be introduced. An effect size was calculated by 
integrating the baseline data with observational data from Westbrook et al. (2010) who found 
that with each subsequent interruption during a single medication administration, nurses were 
12.7% more likely to commit a clinical error.  
Assuming for the moment that clinical errors and cocktail errors can be equated, we 
predicted the rate at which participants would commit cocktail errors when they received 
differing numbers of interruptions (Table 4). When planning the research program, we had 
proposed that participants would receive 1 or 4 interruptions per scenario in Experiment 2. An 
effect size was therefore calculated comparing estimated error rates with 1 and 4 interruptions 
per scenario (d = 1.16) and a power analysis was performed using G*Power Version 3.1.9.2 
(Erdfelder, Faul, & Buchner, 1996) with 2-tails, a = .025, and 80% power. The required sample 
size for Experiment 2 was 36, with 18 in each condition.  
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Experiment 2 
Experiment 2 was identical in most respects to Experiment 1, but it included two 
interruptions conditions. Participants received either 3 interruptions (1 per scenario) or 12 
interruptions (4 per scenario). 
Method 
Design. We employed a between-participants design with interruption frequency (3 vs. 12 
interruptions) as the independent variable and cocktail errors as the dependent variable, as 
described in Experiment 1. Participants were allocated to either condition in an alternating 
fashion. 
Participants. Thirty-seven bartenders from across Brisbane volunteered to participate. 
Recruitment methods and inclusion criteria were identical to Experiment 1.  
Simulation setup, data capture and recording. These were all identical to Experiment 1. 
Scenario design. The scenario design was identical to Experiment 1, but the experimental 
coordinator now also coordinated the interruption timings and the FOHW delivered interruptions. 
Each scenario included 1 or 4 interruptions, making 3 or 12 interruptions per participant across 
the three scenarios (see Figure 3 for an example). The interruptions were designed to be 
realistic and familiar in this work environment. Each interruption occurred at a specific time 
during a cocktail making task and they were designed to be as disruptive as possible based on 
interruptions theory and prospective memory theory (Table 3). The interruptions were also 
designed to be difficult to defer, block, or ignore. If a participant chose not to engage with an 
interruption, the researchers had rehearsed contingency plans to ensure that the interruption still 
occurred, but in a slightly different way. 
Participants who were in the 3-interruptions condition did not receive two interruptions that 
shared similar properties (e.g., a participant in this condition would not receive two phone 
calls). We created several combinations of 3 interruptions so that all of the interruptions were 
sampled in the 3-interruptions condition. 
Procedure. The procedure was identical to Experiment 1, with the addition of the 
interruptions to the scenarios, as described above. 
Results 
One participant was excluded from all analyses because they did not understand the 
instructions due to limited English proficiency, leaving a final sample size of 36. 
To check for potential confounds, chi-square tests revealed no association between 
interruption condition and gender and current employment, p > .180 in all cases. Participant 
age did not differ across conditions, U = 157.00, p = .888. The total number of years of cocktail 
making experience did not differ across conditions, t(29) = 1.73, p = .095, and the proportion of 
work shifts dedicated to cocktail making did not differ across conditions, t(30) = 1.07, p = .291 
(Table 5). 
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Data preparation and checks. Participants in the 3-interruptions condition received all 3 
interruptions. However, 2 of the 18 participants in the 12-interruptions condition received only 
11 interruptions. We were unable to deliver one interruption due to a walkie talkie malfunction 
and another due to the participant omitting the specific primary task to be interrupted.  
Although the interruptions were designed to be difficult to defer, block, or ignore, 
participants had the freedom to deal with them as they pleased. We categorized the 
interruption management strategies based on Liu, Grundgeiger, Sanderson, Jenkins, and 
Leane (2009) plus the addition of an ‘ignore’ category which occurred only in the case of 
phone calls. Most of the time, participants engaged with each interruption and if not, the 
general strategy was to defer (Table 6). 
Video footage was analysed with Datavyu (http://www.datavyu.org/) and exported into 
Microsoft Excel™ worksheets. All analyses were conducted in IBM SPSS 22. In contrast to 
Experiment 1, cocktail errors were left as count data so we could use a Poisson regression 
model and calculate a rate ratio of the impact of an increased number of interruptions on 
errors. Participants could commit several cocktail errors for each beverage. In addition, we 
included cocktail errors that were corrected to ensure we obtained a direct measure of the 
impact of interruptions on performance. 
Some participants discarded a partially-made beverage and started over if they detected 
an error. As a conservative measure, errors committed from previous attempts of the same 
drink were excluded from the count of cocktail errors to avoid duplicate penalisation, given that 
some participants committed the same error on the final attempt. In these cases, errors 
committed on the final attempt were included in the count of cocktail errors unless they were 
corrected again. Some errors could be corrected without having to discard the beverage and 
start over, so these errors were also included in the count of cocktail errors.   
Residuals analyses were conducted on all data before proceeding. The cocktail error data 
were overdispersed but the overdispersion was corrected in the analyses by adjusting the 
standard errors. Parametric tests were used for the questionnaire data with log 
transformations to reduce significant skew and/or kurtosis where required. 
Relationship between interruptions and cocktail errors. A Poisson regression analysis 
revealed that participants who received 12 interruptions committed cocktail errors 1.44 times 
(95% CI [1.03, 2.00]) more frequently than participants who received 3 interruptions, p = .031 
(Figure 4 and Table 7). Participants committed different types of cocktail errors; some 
examples are presented in Table 8. 
The observed effect of interruptions on errors decreased when corrected errors were 
removed from the data: participants who were interrupted 12 times still committed cocktail 
errors 1.44 times (95% CI [0.97, 2.15]) more frequently than participants who were interrupted 
3 times, but this was not significant, p = .071. Participants in the 12-interruptions condition 
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corrected an average of 3.22 cocktail errors (SD = 2.05) during the scenario and participants 
in the 3-interruptions condition corrected an average of 2.28 cocktail errors (SD = 2.00) during 
the scenario. There was no difference in the number of corrections made across the two 
conditions, p = .355. 
Exploratory analyses. Cocktail errors varied in severity, as do clinical errors in healthcare. 
For example, preparing a cocktail with the wrong alcohol could be considered worse than 
preparing a cocktail in the wrong glass. All cocktail errors were categorised into one of five 
severity ratings and further classified as a minor error or a major error (Table 9, adapted from 
Westbrook et al., 2010). Three independent bartenders rated the severity of a sample of 
cocktail errors and the ratings of all cocktail errors were adjusted accordingly.  
An independent samples t-test revealed no difference in average error severity ratings 
between interruption conditions, t(34) = 1.06, p = .297. Additionally, a Poisson regression was 
conducted to test whether interruption frequency predicted the number of major errors a 
participant committed, while accounting for the total number of cocktail errors committed. 
Interruption frequency was not a significant predictor of the number of major errors committed, 
p = .822.  
Questionnaire analyses. Post-hoc subgroup analyses were performed to test whether the 
effect of interruptions on cocktail errors depended on participants’ gender or age. Poisson 
regressions revealed no interaction between gender and interruption condition, p = .615, or 
between age and interruption condition, p = .900. 
The total number of years of cocktail making experience was not a significant predictor of 
cocktail errors, nor was current employment (i.e., whether or not the participant was currently 
employed as a bartender), nor was the average proportion of participants’ work shifts 
dedicated to cocktail making, p > .191 in all cases. 
Table 10 presents the results of items assessing FOHW distraction and annoyingness and 
NASA-TLX workload items. Although means trended in the expected directions, only the 
frustration scores were higher for participants who were interrupted 12 times compared to 
participants who were interrupted 3 times, t(34) = 2.87, p = .007.  
Participants were given the opportunity to provide written feedback and general comments: 
33% made no comment and 28% complimented the researchers or made irrelevant comments 
(Table 11). Some participants said it was very realistic. Several participants commented on the 
difficulty in trying to follow the strict protocols and how this conflicted with their prior knowledge 
and ‘muscle memory’. Some participants stated that it felt as if they were starting a new job, 
which increased their stress. On the other hand, some participants mentioned that without 
customer engagement the job was less complex and busy. No participants mentioned the 
unfamiliar/unusual layout as an issue in their comments.  
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Discussion 
Bartenders working in a simulated bar setting who received 12 interruptions committed 
more cocktail errors than bartenders who received 3 interruptions. This study establishes a 
causal connection between the number of interruptions received and the number of errors 
committed. Interestingly, participants often detected their errors and rectified them, and when 
these corrected errors were removed from the analysis the number of interruptions received 
showed only a non-significant trend towards producing more errors. When errors were 
corrected, workflow was disrupted, but the beverage eventually received by the ‘customer’ was 
consistent with what had been ordered.  
We did not find evidence to suggest that participants who received a higher number of 
interruptions committed errors that were more severe than participants who received a lower 
number of interruptions. Our findings contrast those of Westbrook et al. (2010), who found that 
error severity was positively associated with interruption frequency in a clinical setting.  
Years of bartending experience did not reduce the negative effects of interruptions, 
possibly because the different context and strict procedures may have meant that some tasks 
were executed in a rule-based manner rather than a skill-based manner (Rasmussen, 1983). 
Some participants noted the distinction between the simulation and their work contexts in their 
written comments and verbal discussions. It is possible that a bartender’s level of experience 
would reduce the effect of interruptions in their own work environment, where they could use 
their expertise more fully.  
We anticipated that bartenders in the 12-interruptions condition would rate the FOHW as 
more distracting and/or annoying and to have higher ratings of subjective workload than 
bartenders in the 3-interruptions condition, but this was not the case. Although a direct 
statistical comparison cannot be made, the subjective workload means for the 3-interruptions 
condition appear to be indistinguishable from the means for the 0-interruptions in Experiment 
1. The workload therefore remained moderate with no apparent change despite the addition of 
interruptions. However, subjective ratings of frustration were significantly higher when 
bartenders were interrupted more, probably because the interruptions prevented participants 
from completing their tasks in a timely manner. Verbal discussions with participants after the 
study highlighted a ‘camaraderie’ culture among bartenders where engaging with an 
interruption is often viewed as an opportunity to help out a co-worker, rather than a distraction 
or inconvenience, especially when the importance of that interruption can be appreciated.  
General Discussion 
This study has advanced our knowledge of the connection between interruptions and 
errors by demonstrating a causal connection in an experimental context that is closer to 
professional work than is usually the case. Specifically, Experiment 2 demonstrated that 
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subject-matter experts who are performing professionally-relevant work and receiving work-
related interruptions, will make more errors as the number of interruptions they receive 
increases, even though they are free to respond to the interruptions in any manner that they 
please. Our findings extend existing literature indicating that interruptions negatively affect 
performance (Altmann et al., 2014; Hodgetts & Jones, 2006b; Li et al., 2008; Monk et al., 
2008; Trafton & Monk, 2007). 
The two experiments also illustrate an approach to statistical power analysis that helps to 
reduce risk when planning a resource-demanding simulation study, such as our intended 
healthcare study with ICU nurses. First, we moved our initial explorations to a parallel work 
domain that would impose less demand on resources while we operationalized our ideas. 
Second, we were able to combine the results of the baseline error study (Experiment 1) with 
existing data in the interruptions literature (Westbrook et al., 2010) to perform a power analysis 
for Experiment 2, in which we would manipulate the number of interruptions to participants. 
This proved to be successful. Third, using results from Experiment 2, we were able to 
calculate a statistical power analysis for the subsequent ICU simulation experiment. 
Specifically, we calculated that we would need 66 participants (33 in each condition) in the ICU 
simulation experiment paralleling Experiment 2. With that sample we were able to find 
significant results – nurses receiving 12 interruptions made significantly more clinical errors 
than nurses receiving just 3 interruptions (Santomauro et al., 2017).  
Experiment 1 and Experiment 2 show that laboratory investigations of interruptions can be 
more naturalistic and more closely related to professional work, making generalisation to 
authentic work context more straightforward. Because we have been able to demonstrate that 
the results generalize to the healthcare workplace, it is also likely that the results will 
generalise to further busy ‘hands on’ work environments in which interruptions are a normal 
part of work. 
A natural inference from our findings might be that reducing or eliminating interruptions 
could reduce error rates in work settings. However, within the healthcare domain this view is 
increasingly challenged, with researchers highlighting the importance of interruptions to 
systemic work coordination (Gao, Rae, & Dekker, 2017; Hopkinson & Wiegand, 2017; 
McCurdie et al., 2017; Rivera, 2014; Walter, Raban, Dunsmuir, Douglas, & Westbrook, 2017; 
Werner & Holden, 2015). Gao et al. (2017) have noted that steps to reduce interruptions in 
order to reduce errors imply a ‘barrier’ model of safety, which is not necessarily the most 
effective approach. In addition, interventions designed to eliminate interruptions have had 
negative consequences (Myers & Parikh, 2017; Tomietto, Sartor, Mazzocoli, & Palese, 2012).  
Instead, interruption management strategies could be used to mitigate the negative effects 
of interruptions (Werner & Holden, 2015). Even better, interventions designed to preserve the 
worker’s cognitive state prior to an interruption may be more effective at mitigating the effects 
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of interruptions; for example, with the use of visual cues and delays between the interruptive 
alert and interruptive task (Grundgeiger et al., 2013; Hodgetts & Jones, 2006a; Prakash et al., 
2014; Trafton, Altmann, & Brock, 2005; Trafton et al., 2003). Future research should explore 
whether these interventions are effective in complex environments such as healthcare.  
In the above ways, we hope to have shown that researchers can run pilot studies in the 
laboratory in a manner motivated by principles of representative design (Brunswik, 1956), 
boundaries of generalisation (Rasmussen et al., 1994), and ideas underlying the design of 
staged worlds (Woods, 1993) to guide the design and operationalization of large-scale 
simulation studies. We have also demonstrated a chain of reasoning, illustrated in Figure 1, 
that might be adapted by other researchers who plan to conduct large-scale simulation studies 
in complex work domains such as healthcare. 
Limitations 
The study has several limitations that may reduce its external validity. Despite our attempts 
to create an immersive bartending context, participants’ behaviour may have had inauthentic 
aspects for a number of reasons: (a) they were aware they were being watched through one-
way glass and video cameras; (b) the sometimes unfamiliar equipment and tools used in the 
study will have changed aspects of their normal routines; (c) they may not have interacted with 
the FOHW as comfortably as with a familiar co-worker; (d) they were working in an unfamiliar 
setting that required a substantial amount of training and familiarisation (such as how to use 
the alcohol room); and (e) interruptions can come from a variety of sources which we could not 
fully replicate in the simulations. As a result of the above factors, the rate of cocktail errors 
may be different from the rate that would be observed in authentic bartending contexts.  
Conclusion 
This laboratory-based controlled trial demonstrated that more interruptions cause more 
errors in a simulated work environment with expert participants, using interruptions that are 
representative of those that would occur in authentic situations and placing no restrictions on 
how participants could respond to interruptions. The bartending study not only contributes to 
the interruptions literature, but also served as a large-scale pilot study for a subsequent 
healthcare simulation study. Our findings suggest that interruptions lead to errors and 
generalize to ‘hands on’ work environments where interventions targeting the reduction of 
errors may be of interest. Future work could explore the usefulness of interventions that do not 
directly eliminate interruptions but instead focus on alternative strategies such as multitasking 
and the use of visual cues and making the best use of the interruption lag to assist with 
returning to the interrupted task following an interruption.  
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Table 1 
Examples of high-level similarities between the ICU medication preparation and administration 
work domain and bar cocktail-making work domain. WM = working memory. 
 Work domain 
Domain dimension 
Hospital ICU 
Medication preparation and 
administration 
Bar Work 
Cocktail making 
Environment Noisy, interruptive, 
performance pressured 
Noisy, interruptive, high-
tempo 
Controlled substances Medications and restricted 
drugs 
Alcohol of different qualities 
and value 
Production standards Medication accuracy and use 
of safe techniques 
Beverage accuracy and 
quality of presentation 
Perceptual motor 
skills 
Manual skills such as 
aspirating fluid bag 
Manual skills such as peeling 
lemon garnish 
Task structure Task with sub-steps that 
could be performed in 
different orders 
Task with sub-steps that 
could be performed in 
different orders 
High WM demands Medication type and dose, 
including calculations 
Alcohol type and amount, 
including calculations 
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Table 2.  
Examples of structural and functional similarities between the bartending study and the 
healthcare study scenarios. FOHW = front of house worker. 
 Simulation scenarios 
Scenario property Medication preparation and 
administration 
Cocktail making 
Layout Patient bedside, benches, 
plus medication room 
Preparation workstation 
plus alcohol room 
Personnel Confederate acting as 
nursing team leader 
Confederate acting as 
FOHW 
Structure of session Three conjoined scenarios of 
approximately 20 mins each 
Three conjoined scenarios 
of approximately 20 mins 
each 
Workload within 
scenarios 
1-2 medication orders per 
scenario 
2 table orders per scenario, 
with 2–4 drinks per order 
Task Prepare and administer 
intravenous medications for 
patient, according to 
incoming orders 
Prepare alcoholic 
beverages for customers 
according to incoming 
orders 
Source of orders Electronic medical records 
system 
Electronic beverage 
ordering system  
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Table 3.  
D
escriptions of each interruption and the associated prim
ary task that w
as interrupted. FO
H
W
 = front of house w
orker. 
S
cenario 
and 
interruption 
B
everage/task 
P
rim
ary task at tim
e of 
interruption 
Interruption description 
Theory behind prim
ary task 
and interruption 
com
bination 
Scenario 1 
 
 
 
1 
M
argarita 
Filling cocktail shaker w
ith 
ice 
FO
H
W
 asks participant to m
ake a lim
e peel 
garnish that w
as left off a previously m
ade 
drink 
N
o interruption lag (i.e., 
garnish m
ust be m
ade 
im
m
ediately) a 
2 
M
artini 
Taking chilled m
artini 
glass out of fridge 
FO
H
W
 asks participant to read out codes 
on the back of select bottles in alcohol room
 
and in fridge 
C
ontext change (i.e., 
w
orkstation to alcohol 
room
) b 
3 
M
ojito 
G
etting 5 m
int leaves from
 
fridge 
FO
H
W
 asks participant to count how
 m
any 
lem
ons and lim
es are in the fridge and w
hat 
brand they are 
S
im
ilarity betw
een tasks 
(i.e., counting) c 
4 
M
artini 
S
tirring contents of 
cocktail shaker 
FO
H
W
 discovers a custom
er is m
issing a 
sparkling w
ater so asks participant to m
ake 
one 
C
om
plexity (i.e., 
rem
em
bering how
 to m
ake 
sparkling w
ater) d 
Scenario 2 
 
 
 
5 
M
ojito 
P
lacing lim
e w
heel garnish 
on glass  
FO
H
W
 asks participant to check how
 m
uch 
vodka is left in the alcohol room
 
C
ontext change (i.e., 
w
orkstation to alcohol 
room
) b 
6 
M
argarita (no salt 
on rim
) 
S
haking cocktail shaker 
FO
H
W
 brings polished glasses over to 
w
orkspace and asks participant to help put 
them
 aw
ay 
H
igh w
orkload (i.e., 
rem
em
bering how
 m
any 
seconds of shaking 
rem
ain) e 
7 
M
easuring 
alcohol servings 
for all beverages 
M
easuring alcohol 
servings for all beverages 
P
hone call from
 supervisor (voiced by 
experim
ental coordinator) asking w
here 
FO
H
W
 is  
C
ontext change (i.e., 
alcohol room
 to 
w
orkstation) b, high w
orkload 
(i.e., rem
em
bering w
hich 
alcohol servings to m
ake) e 
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8 
M
argarita 
R
unning lim
e quarter 
around rim
 of glass  
FO
H
W
 receives w
alkie talkie call that 
custom
er spilt glass of w
ine on them
selves 
so asks participant to m
ake a new
 one 
N
o interruption lag (i.e., 
w
ine m
ust be m
ade 
im
m
ediately) a 
Scenario 3 
 
 
 
9 
M
easuring 
alcohol servings 
for all beverages 
M
easuring alcohol 
servings for all beverages 
P
hone call from
 FO
H
W
 asking participant to 
confirm
 drink orders on com
puter 
C
ontext change (i.e., 
alcohol room
 to 
w
orkstation) b, high w
orkload 
(i.e., rem
em
bering w
hich 
alcohol servings to m
ake) e 
10 
Lem
on m
ojito 
P
ouring rum
 into glass 
FO
H
W
 returns w
ith previously m
ade 
sparkling w
ater because custom
er 
requested a shot of vodka in it. A
sks 
participant to add shot of vodka to glass 
C
ontext change (i.e., 
w
orkstation to alcohol 
room
) b, no interruption lag 
(i.e., vodka m
ust be 
collected im
m
ediately) a 
11 
V
odka m
artini 
M
aking lem
on peel 
garnish 
FO
H
W
 brings m
ore polished glasses over to 
w
orkspace and asks participant to help put 
them
 aw
ay 
N
o visual cue of prim
ary 
task (i.e., garnish not m
ade 
yet) f 
12 
W
hite w
ine 
P
ouring second glass of 
w
ine 
FO
H
W
 returns w
ith lem
on m
ojito, explains 
that lem
on w
heel garnish fell off and asks 
participant to m
ake a new
 one 
N
o interruption lag (i.e., 
garnish m
ust be m
ade 
im
m
ediately) a 
N
ote: all interruptions occurred m
id-task and w
ere as long as feasible.  
a = (Trafton et al., 2003)  
b = (G
rundgeiger et al., 2010)  
c = (E
dw
ards &
 G
ronlund, 1998) 
d = (H
odgetts &
 Jones, 2006b) 
e = (M
agrabi et al., 2010) 
f = (G
rundgeiger et al., 2013) 
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Table 4. 
Estimates of average cocktail error rates per scenario (excluding corrected errors) if a 
participant receives 0–4 interruptions in a scenario. Values for 0 interruptions are from 
Experiment 1. Each error rate for 1–4 interruptions is estimated by adding 12.7% of itself to the 
previous value. 
       Number of interruptions per scenario 
 0  1 2 3 4 
Average no. of beverages with at least 
one cocktail error (of 18) 
7.9  8.9 10.0 11.3 12.7 
Cocktail error rate (%) 43.9  49.5 55.8 62.8 70.8 
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Table 5.  
Participant demographics across conditions. Entries show counts or mean (SD). 
 
Demographic category 
3-interruptions 
(n = 18) 
12-interruptions 
(n = 18) 
Male 
Female 
12 
6 
8 
10 
Currently employed at licensed venue 
Not currently employed at licensed venue 
8 
10 
9 
9 
Age (years) 22.4 (2.8) 24.7 (7.1) 
Cocktail making experience (years) 2.6 (2.1) 1.6 (1.4) 
Proportion of shift dedicated to cocktail making (%) 38 (31) 28 (21) 
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Table 6. 
Categories and percentages of interruption-management strategies across the two conditions. 
Interruption-management 
strategy 
3-interruptions 
N=18 
(54 interruptions 
delivered) 
12-interruptions 
N=18 
(214 interruptions 
delivered) 
Engage 49 (91%) 193 (90%) 
Multitask 0 (0%) 4 (2%) 
Defer 4 (7%) 13 (6%) 
Block 0 (0%) 2 (1%) 
Ignore 1 (2%) 2 (1%) 
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Table 7.  
Descriptive statistics for cocktail errors under 3-interruptions and 12-interruptions conditions. 
 3-interruptions  12-interruptions 
Mean 95% CI  Mean 95% CI 
Cocktail errors (including corrected 
errors) 
10.94 [7.95, 13.94] * 15.72 [12.18, 19.26] 
Cocktail errors (excluding corrected 
errors) 
8.67 [5.78, 11.55]  12.50 [9.11, 15.89] 
Average error severity rating 2.94 [2.79, 3.08]  2.82 [2.65, 3.00] 
Major errors  7.00 [5.22, 8.78]  8.89 [7.00, 10.78] 
* = significant difference between interruptions conditions. 
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Table 8.  
Examples of cocktail errors observed. 
Error category Error description 
Incorrect Measured wrong amount of alcohol  
Used wrong alcohol in cocktail 
Stirred cocktail that was meant to be shaken 
Omission Did not garnish cocktail with lemon/lime peel  
Did not garnish rim of glass with salt 
Did not muddle contents of glass 
Workflow Beverages made in wrong order 
Beverages made simultaneously 
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Table 9.  
Description of cocktail error severity ratings and the associated description and category.  
Severity Rating Description Category of error 
1 Incident is likely to have little or no effect on the 
beverage 
Minor 
2 Incident is likely to reduce the quality of the 
beverage (i.e., taste, presentation) but not 
necessarily lead to a customer query 
Minor 
3 Incident is likely to lead to customer 
dissatisfaction with the beverage (e.g., querying 
the beverage 
ingredients/presentation/procedure) 
Major 
4 Incident is likely to lead to customer 
dissatisfaction with the beverage (e.g., returning 
the beverage for replacement) but may not deter 
the customer from returning 
Major 
5 Incident is likely to lead to extreme customer 
dissatisfaction with the beverage (e.g., complaint 
to manager) with minimal chance of that 
customer returning 
Major 
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Table 10.  
Descriptive statistics for questionnaire data under 3-interruptions and 12-interruptions 
conditions. All analysed with independent samples t-tests. 
 3-interruptions 12-interruptions p value 
Mean (SD) Mean (SD)  
Questions about FOHW 
(1-9 Likert scale) 
     
How distracting FOHW was  2.39  (1.82) 3.28  (1.90) .161 
How annoying FOHW was 1.39  (0.61) 2.53  (2.17) .068 
NASA-TLX  
(0-20 Likert scale) 
     
Average NASA-TLX score  8.69  (2.76) 10.17  (2.16) .083 
Mental demand 11.17 (3.66) 12.08 (3.64) .456 
Physical demand 6.72 (4.09) 6.97 (4.58) .864 
Temporal demand 8.72 (4.34) 9.58 (3.87) .534 
Perceived performance 7.44 (3.65) 8.86 (3.65) .252 
Effort 10.78 (3.77) 11.94 (2.55) .285 
Frustration 7.33 (4.84) 11.56 (3.93) .007 
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Table 11.  
Summary of written responses to the question “Do you have any additional comments or 
feedback regarding this experiment?” Percentages reflect total sample of 36 participants. Note 
that participants were free to make 0, 1, or multiple comments, so percentages do not add to 
100%. 
Comment category Number (%) of total 
participants 
No comment made 12 (33%) 
Compliments/irrelevant comment 10 (28%) 
Difficult adhering to newly learned procedure 6 (17%) 
Authentic/realistic 5 (14%) 
Stressful/tiring 4 (11%) 
Less complex/busy than authentic work 4 (11%) 
FOHW was helpful 2 (6%). 
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 Figure 1. O
utline of the logic of the reported research program
. A
n initial m
apping is achieved of dom
ains, scenarios, and interruptions across 
healthcare and bartending dom
ains, sim
ulations, and interruptions. Then a baseline study, E
xperim
ent 1, is conducted w
ith zero interruptions 
to provide a baseline level of errors from
 w
hich to estim
ate required sam
ple size for E
xperim
ent 2. E
xperim
ent 2 is conducted w
ith either 3 or 
12 interruptions, to see if a higher num
ber of interruptions leads to a higher num
ber of errors. E
xperim
ent 2 also provides the basis for a pow
er 
analysis for a later healthcare sim
ulation experim
ent. 
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Figure 2. Part of a scenario in Experiment 1. Front of house worker (front left) polishes glasses 
while participant (back right) prepares beverages. Electronic beverage ordering system is at 
left. Alcohol room is located behind the partitions on the right.  
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Figure 3. Example of an interruption. FOHW (right) asks participant (left) a question while she 
is making a beverage.  
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Figure 4. Relationship between interruption frequency and cocktail errors. Error bars represent 
95% confidence intervals. 
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Abstract 
Background. Interruptions occur frequently in the Intensive Care Unit (ICU) and are 
associated with errors. To date, no causal connection has been established between 
interruptions and errors in healthcare. It is important to know if interruptions directly cause 
errors before implementing interventions designed to reduce interruptions in ICUs. Our 
objective was to investigate whether ICU nurses who receive a higher number of workplace 
interruptions commit more clinical errors and procedural failures than those who receive a 
lower number of interruptions. 
Methods. We conducted a prospective controlled trial in a high-fidelity ICU simulator. A 
volunteer sample of ICU nurses from a single unit prepared and administered intravenous 
medications for a patient manikin. Nurses received either 3 (n = 35) or 12 (n = 35) scenario-
relevant interruptions and were allocated to either condition in an alternating fashion. Primary 
outcomes were the number of clinical errors and procedural failures committed by each nurse.  
Results. The rate ratio of clinical errors committed by nurses who received 12 interruptions 
compared to nurses who received 3 interruptions was 2.0 (95% CI [1.41, 2.83]), p < .001. The 
rate ratio of procedural failures committed by nurses who received 12 interruptions compared 
to nurses who were interrupted 3 times was 1.2 (95% CI [1.05, 1.37]), p = .006.  
Conclusions. More workplace interruptions during medication preparation and administration 
lead to more clinical errors and procedural failures. Reducing the frequency of interruptions 
may reduce the number of errors committed; however, this should be balanced against 
important information that interruptions communicate.  
 
Keywords: interruptions, healthcare, simulation, intensive care  
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Introduction 
Interruptions to healthcare workers are viewed as a common and accepted part of 
practice.1 An Australian study found that interruptions occurred 14 times per hour in the 
Intensive Care Unit (ICU) and contributed to over a third of total communication.2 However, 
interruptions in healthcare are associated with increased workload,3 increased time taken to 
return to and complete the interrupted task,4 5 and an increased likelihood of abandoning the 
interrupted task.6  
Importantly, interruptions have been associated with medical errors; specifically, with 
clinical errors and procedural failures.7 8 In a large observational study of 4271 medication 
administrations by 98 nurses on medical wards across two hospitals, Westbrook and 
colleagues8 found that 80% of medication administrations contained either a clinical error or a 
procedural failure regardless of whether or not interrupted, and that each additional 
interruption to a medication administration was associated with a 12.7% increase in clinical 
errors and a 12.1% increase in procedural failures. Medical errors can not only result in patient 
harm, but also traumatise healthcare workers who commit them9 and disrupt their 
organisations. The above findings, coupled with the potential consequences, have led to 
efforts to reduce interruptions in order to reduce the likelihood of subsequent errors.  
However, despite the strong association reported by Westbrook et al., there is no 
conclusive evidence for a direct causal relationship between the number of interruptions 
received in the healthcare workplace and the likelihood of errors.10 A few simulation studies 
point to a causal connection, but they do not directly test the hypothesis that more 
interruptions lead to more errors11-13 or they are underpowered pilot studies.14  
Given that a causal dose-response relationship has not been established with a 
prospective, controlled experimental design,15 we do not know whether efforts to reduce 
interruptions will succeed in reducing errors.16 Recent interventions in clinical contexts have 
successfully reduced the frequency of workplace interruptions, but their direct impact on errors 
remains unclear.17-19 Of greater concern is the fact that such interventions can bring about 
unforeseen consequences. For example, when nurses wore a “do not interrupt” red tabard, 
interruptions from patients decreased whereas interruptions from other nurses actually 
increased.20  
This study was designed to investigate the effect of a lower versus higher number of 
workplace interruptions on subsequent errors in a simulated ICU setting. We predicted that 
ICU nurses who received a higher number of workplace interruptions would commit 
significantly more clinical errors and procedural failures than nurses who received a lower 
number of interruptions.  
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Method 
Participants 
Participants were registered nurses practicing in a tertiary ICU with a 1:1 nurse to patient 
ratio in Queensland, Australia and recruited via flyers and emails advertising the study 
internally within their unit. Research Ethics Board approval was obtained from Metro South 
Hospital and Health Service (HREC/16/QPAH/391) and The University of Queensland 
(2016001102). 
Inclusion criteria were a minimum of six months registered nursing experience and being 
unaware of the study aim, to avoid expectancy effects. Participants were advised that the 
researchers were interested in workflow and team communication to conceal the study aim. 
After study completion, participants received a small gift and a debrief sheet that did not reveal 
the purpose of the study but requested that participants not discuss the details of the study 
with others; this point was reiterated verbally by the experimental coordinator. Participants 
were informed of the purpose of the study once data collection was finalised.   
Sample size was based on a laboratory pilot study (Deidentified for peer review, under 
review) with a 2-tailed ANOVA, α = .025, 80% power, and an effect size of d = 0.73. A 
minimum of 66 participants in total was required to find an effect for both primary outcomes. 
Design 
A prospective, alternately-allocated parallel groups design was used to examine the effect 
of frequency of interruptions (3 vs. 12 interruptions) on the number of clinical errors and 
procedural failures. Participants were alternately allocated to a condition of lower (3) or higher 
(12) number of interruptions sequentially upon enrolment. This design was chosen due to 
concerns that we would not reach the desired sample size due to events outside our control 
(for example, the testing room may have been required by ICU staff at any point) and we 
wanted to ensure equal numbers were obtained across the two conditions. 
Outcomes and measures 
Primary outcomes were the number of clinical errors committed and procedural failures. 
Clinical errors were any deviation from the medication order or procedure that would result in 
the patient directly receiving a medication inconsistent with what they were prescribed. 
Procedural failures were sequencing errors, and safety or technique violations that would not 
directly result in a medication inconsistent with the patient’s order.  
Secondary outcomes included participant demographics and post-experiment surveys 
including the NASA Task Load Index (NASA-TLX) workload questionnaire (used to assess 
mental, physical, and temporal demand, perceived performance, effort, and frustration on 20-
point Likert scales),21 realism of scenarios, immersion of participants in scenarios, and level of 
distraction and annoyingness of the actor on 5-point Likert scales. 
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Scenario design, equipment, and delivery  
Each participant performed intravenous medication preparation and administration tasks in 
3 scenarios that were joined to form a continuous experience of patient care; these scenarios 
always occurred in the same order. Each scenario included 1 or 2 medications and 1 or 4 
interruptions (making 3 or 12 interruptions overall) and was scripted in detail and precisely 
timed. The simulated patient was a 65-year-old male admitted to ICU post aurilectomy and 
pectoralis flap reconstruction for carcinoma.  
Each interruption occurred at a specific time during a medication task and was designed to 
be disruptive, based on previous literature, and to be difficult to defer, block, or ignore. If a 
participant chose not to engage with an interruption, the researchers had procedures to ensure 
that the interruption still occurred but in a slightly different way. Interruptions were designed 
with the help of local ICU nurses to be relevant to the scenario and plausible (Table 1 and 
Figure 1). Participants in the 3-interruptions condition received 3 interruptions that had 
different properties from one another (e.g., a participant in this condition would not get two 
phone calls). We created several combinations of 3-interruptions so that all of the interruptions 
were sampled in this condition.  
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Table 1.  
D
escriptions of each interruption and the associated prim
ary task that w
as interrupted.  
S
cenario and 
Interruption 
M
edication 
Interruption description 
P
rim
ary task at tim
e of interruption 
Scenario 1 
 
 
 
1 
S
aline fluids 
TL asks if there is anything she can get participant from
 the 
m
edication room
. E
xpectation: participant requests heparin or 
TL offers to get heparin 
P
reparing fluids infusion 
2 
Insulin infusion 
P
atient com
plains of discom
fort from
 the central line on his 
neck. E
xpectation: participant readjusts position of lines 
C
onsulting insulin infusion rate 
algorithm
 
3 
Insulin infusion 
TL asks if patient has had a chest X
-ray, and tells participant to 
call radiology to follow
 up. E
xpectation: participant calls 
radiology 
P
reparing insulin infusion 
4 
Insulin infusion 
M
onitor alarm
s because oxygen saturation drops to 70%
. 
E
xpectation: participant silences alarm
 and re-attaches pulse 
oxim
eter peg to patient’s finger (TL rem
oved prior w
hen 
participant w
as not looking) 
P
rogram
m
ing insulin infusion pum
p 
Scenario 2 
 
 
 
5 
H
eparin infusion/ 
bolus 
In charge nurse calls to offer an early shift finish and asks how
 
everything is going. E
xpectation: participant accepts phone call 
C
onsulting heparin policy and 
calculating infusion rate and bolus 
dose 
6 
H
eparin infusion/ 
bolus 
TL notifies participant that one of the patient’s blood tests 
w
asn’t collected properly and offers to re-take it as w
ell as a 
blood gas (for blood sugar level). TL asks participant w
here 
the blood collection tubes are. E
xpectation: participant hands 
the m
aterials to TL 
P
reparing heparin infusion/bolus 
7 
H
eparin infusion/ 
TL calls to inform
 participant that the patient’s B
S
L has 
dropped significantly (results from
 blood gas). E
xpectation: 
P
rogram
m
ing heparin infusion 
pum
p O
R
 pushing heparin bolus 
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S
cenario and 
Interruption 
M
edication 
Interruption description 
P
rim
ary task at tim
e of interruption 
bolus 
participant consults insulin algorithm
 and reduces infusion rate 
(w
hichever cam
e first) 
8 
H
eparin infusion/ 
bolus 
P
atient cries out in pain. E
xpectation participant attends to 
patient and asks follow
 up questions 
P
rogram
m
ing heparin infusion 
pum
p O
R
 pushing heparin bolus 
(w
hichever cam
e second) 
Scenario 3 
 
 
 
9 
Fentanyl P
C
A
 
TL2 (w
atching patient w
hile participant is in m
edication room
) 
peeks into m
edication room
 to ask if participant can hand her 
som
e paracetam
ol for patient w
ho is still com
plaining of pain. 
E
xpectation: participant either gives paracetam
ol to TL2 or has 
discussion about w
hy they should w
ait for P
C
A
 first 
P
reparing fentanyl P
C
A
 in 
m
edication room
 
10 
Fentanyl P
C
A
 
TL forgot to bring a P
C
A
 pum
p so TL2 offers to retrieve one. 
E
xpectation: TL and participant have a conversation as they 
w
ait for the pum
p  
P
reparing fentanyl P
C
A
 
11 
Fentanyl P
C
A
 
TL answ
ers phone call from
 patient’s daughter and asks 
participant to speak to her. E
xpectation: participant speaks to 
daughter w
ho is very anxious 
P
rogram
m
ing P
C
A
 pum
p 
12 
Fentanyl P
C
A
 
TL receives a call that the patient’s w
ife is in the w
aiting room
 
and asks participant if she can bring the w
ife in. E
xpectation: 
participant answ
ers TL’s question 
P
roviding patient education about 
P
C
A
 pum
p 
N
ote: TL = team
 leader, TL2 = second team
 leader, B
S
L = blood sugar level, P
C
A
 = patient-controlled analgesia. 
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Figure 1. Example image of interruption #6. Participant (left) finds blood collection materials at 
the request of the team leader (right).  
The simulation setting represented an ICU bedspace and small medication room. The 
room included most equipment that would typically be found at an ICU bedspace, including a 
bedside phone that connected to a mobile phone in the control room. The patient was 
simulated with a manikin (Megacode Kelly: Laerdal Global Health) voiced by a research 
assistant in the control room with a microphone connected to a loud speaker.  
The ICU Electronic Medication Record (EMR) system was installed on a computer in the 
simulation room, with reduced functionality. A medication room separated by a partition 
contained a locked restricted drugs cupboard, a non-restricted drugs cupboard, drug register, 
materials to prepare infusions, and another computer with the EMR system.  
Video was recorded and live streamed with four wall-mounted Logitech cameras and a 
GoPro Hero 5 recording from the participant’s forehead. Audio was recorded and live 
streamed with a whole room microphone and lapel microphones worn by the participant and 
the actor. The experimental coordinator used a microphone in the control room to 
communicate to the actor via an ear piece, coordinated the scenarios from the control room, 
and answered any questions the participant had during the simulation over the loud speaker. 
The actor was a nurse hired from within the unit who played a team leader nurse (TL) who 
delivered interruptions and helped participants when required (e.g., checking medications). 
The participant could use the bedside phone to call the TL or other relevant personnel 
whenever needed. The research assistant was located in the control room to voice the patient 
and all of the phone-based characters.  
Procedure 
After providing informed consent, participants completed a demographic survey. Recording 
equipment was set up as described above, equipment and processes were explained, and 
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participants were advised that they could ask for information or clarification at any time. Tasks 
that were not required and any other deviations from typical duties were explained. The 
experimental coordinator provided a patient handover, indicated that the TL would visit shortly 
and left the room, leaving the participant to start their patient assessment.  
The first medication of Scenario 1 was uploaded to the EMR system, and when the 
participant finished their patient assessment they would typically check the computer, see the 
medication, and begin preparing it. The TL then entered the room and prompted the 
participant to check the computer, if it had not been checked after the assessment. The next 
two scenarios unfolded with no break between them. 
Participants were asked to prepare and administer each medication from start to finish 
before moving on to the next one, otherwise it would have been difficult to deliver the 
interruptions at the correct times. This behaviour was reinforced by uploading a new 
medication to the EMR system only while the participant was preparing or administering the 
previous medication. Other than this, participants had the freedom to carry out the tasks as 
they wished. 
Towards the end of Scenario 3, the TL told the participant to call her when ready to go on a 
‘break’. This provided participants with an opportunity to check everything over and perform 
any corrections or extra tasks that they felt were important before finishing. Participants could 
correct any clinical errors and procedural failures that were detected or ask the TL to make 
corrections throughout the scenario. After the simulation, the participant completed the NASA-
TLX and answered questions about the TL (degree of distraction and annoyance) and the 
simulation (degree of realism and immersion).  
 The experimental coordinator recorded any clinical errors and procedural failures that 
were detected during scenario delivery. Pump programming, labelling, and documentation 
were checked for any further errors before preparing the simulation room for the next 
participant. The whole experiment lasted 1–2.5 hours, with the large variation due to 
participants having freedom to perform extra tasks such as simulated patient observations 
throughout the scenarios. 
Data analysis 
Video footage was analysed with DataVyu (http://www.datavyu.org/) and exported into 
Microsoft Excel worksheets. The first author reviewed data and identified clinical errors and 
procedural failures. All clinical errors and procedural failures were checked and confirmed by 
the research nurse, and any discrepancies or uncertainties were resolved by consulting unit or 
hospital policies.  
Statistical analyses were conducted in IBM SPSS 22 with two-tailed tests and α = .025 for 
primary outcomes analyses and α = .05 for remaining analyses. For primary outcomes, 
Poisson regression with corrections for overdispersion as required was used to analyse count 
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data (clinical errors and procedural failures). To assess and control for potential baseline 
imbalances in demographics, age was converted to continuous format (mean age for each 
category range) and education was collapsed into three categories (Diploma, Bachelor, 
Postgraduate). Both full regression and reduced (using backwards stepwise regression with 
threshold α = .10) models were assessed for potential confounding effects. For secondary 
outcomes, parametric tests (ANOVA, t-test) were used for non-count data with log or square 
root transformations as required according to residual diagnostics, otherwise non-parametric 
tests (Mann-Whitney U) were applied. For parametric tests, residual diagnostics were 
conducted to assess appropriateness of model fit and autocorrelation. 
Results 
Demographics 
Seventy-two nurses volunteered to participate; one subsequently declined due to use of 
video recording, and one was excluded due to loss of blinding prior to participation (Figure 2). 
Demographic characteristics of the 70 nurses were similar across both groups, although 
participants who received 12 interruptions had more experience in the current ICU than 
participants who received 3 interruptions (Table 2).  
 
Figure 2. Study flow chart. 
  
72 ICU 
nurses 
volunteered   
1 declined to 
participate due to 
video recording 
71 ICU nurses 
participated 
36 received 3 
interruptions 
35 analyzed  
1 excluded due to 
knowing the study 
aims prior to 
participation 
35 received 12 
interruptions 
35 analyzed  
0 excluded 
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Table 2.  
Participant demographics across conditions.  
Demographic 3-interruptions  
(n = 35) 
12-interruptions 
(n = 35) 
Age 20-25 years 
26-30 
31-34 
35-40 
41-44 
45+ 
5  
11 
6 
6 
3 
4 
7 
6 
9 
2 
5 
6 
Gender Male 
Female 
13 
22 
10 
25 
Education Diploma 
Bachelor 
Graduate certificate 
Graduate diploma 
Masters (coursework) 
Masters (research) 
2 
18 
13 
1 
1 
0 
3 
14 
14 
0 
3 
1 
Experience 
(in years) 
Registered nurse: median 
(IQR) 
8 (5-11) 9 (6-16) 
 Current ICU: median (IQR) 3 (1-6) 6 (2-8) 
Note: Values are number of participants, except for experience reported in mean (SD) years. 
 
Participants in the 3-interruptions condition received all 3 interruptions. However, 4 
participants in the 12-interruptions condition received 11 interruptions instead of 12. In these 
situations, an interruption was missed due to technical issues such as the alarm on the 
monitor not sounding, or due to the participant completing the primary interrupting task much 
more quickly than anticipated.  
Although the interruptions were designed to be difficult to block, defer, or ignore, 
participants had the freedom to deal with them as they pleased. Two participants blocked one 
interruption, one participant multi-tasked one interruption, and the rest engaged or deferred all 
interruptions. 
Primary outcomes 
Nurses who received 12 interruptions committed clinical errors 2.0 times (95% CI [1.41, 
2.83]) more frequently than nurses who received 3 interruptions (Table 3). Nurses who 
received 12 interruptions committed procedural failures 1.2 times (95% CI [1.05, 1.37]) more 
frequently than nurses who were interrupted 3 times. Both findings were statistically 
significant. 
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After controlling for baseline demographic imbalances, the rate ratio of clinical errors 
between interruption conditions was not substantially affected (2.1, 95% CI [1.45, 2.07], p < 
.001) and none of the demographic covariates were statistically significant in either the full or 
reduced models. Similarly, the rate ratio of procedural failures was not substantially affected in 
the full model with all demographic covariates (1.2, 95% CI [1.00, 1.33], p = .049) and none of 
the demographic covariates were statistically significant. Backwards stepwise regressions 
conducted independently due to multicollinearity for age (p = .017), years experience as a 
registered nurse (p = .007), and years experience in the current ICU (p = .009) identified all 
three as statistically significant covariates in the procedural failures analysis – but there was 
minimal impact on the rate ratio between interruption conditions (1.2, 95% CI [1.00, 1.32], p = 
.043). The strongest association was in the years experience as a registered nurse variable, 
which showed that procedural failures increased by 1.2% (95% CI [0.0, 2.0%]) with every year 
increase in participant nursing experience (or 12.7% for every 10 years). 
Secondary outcomes 
When errors that were subsequently corrected were removed from the analysis, 
participants who were interrupted 12 times still committed more clinical errors than participants 
who were interrupted 3 times (Table 3). When procedural failures that were subsequently 
corrected were removed from the analysis, participants who were interrupted 12 times still 
committed more procedural failures than participants who were interrupted 3 times.  
There were no statistically significant differences between conditions in NASA-TLX scores, 
or in ratings of TL distraction or annoyance, scenario realism (Mdn = 4, IQR = 3-5) or 
immersion (Mdn = 3, IQR = 2-4) on 5-point Likert scales. 
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Table 3.  
D
escriptive statistics for prim
ary and secondary outcom
es under 3-interruptions and 12-interruptions conditions. 
 
3-interruptions 
12-interruptions 
 
 
 
D
ependent variable 
M
ean 
95%
 C
I 
M
ean 
95%
 C
I 
R
atio 
95%
 C
I 
p value 
C
linical errors (total) 
1.4 
[0.99, 1.75] 
2.7 
[2.19, 3.29] 
2.0 
[1.41, 2.83] 
< .001
a 
W
ith corrected errors rem
oved 
1.1 
[0.67, 1.45] 
1.9 
[1.35, 2.42] 
1.8 
[1.19, 2.67] 
.005
a 
W
ith interruption #7 errors 
rem
oved 
1.4 
[0.99, 1.75] 
2.2 
[1.70, 2.70] 
1.6 
[1.12, 2.30] 
.010
a 
P
rocedural failures (total) 
35.3 
[31.74, 38.95] 
42.5 
[38.65, 46.32] 
1.2 
[1.05, 1.37] 
.006
a 
W
ith corrected failures rem
oved 
34.0 
[30.49, 37.51] 
40.7 
[37.22, 44.21] 
1.2 
[1.05, 1.36] 
.006
a 
D
ocum
entation 
1.7 
[1.10, 2.27] 
2.3 
[1.79, 2.78] 
1.4 
[0.92, 1.99] 
.121
a 
Incorrect/om
ission 
3.3 
[2.67, 3.96] 
3.9 
[3.25, 4.58] 
1.2 
[0.92, 1.52] 
.190
a 
Labelling 
6.6 
[5.60, 7.60] 
6.7 
[5.70, 7.67] 
1.1 
[0.83, 1.24] 
.902
a 
N
onaseptic 
23.7 
[20.99, 26.50] 
29.6 
[26.50, 32.70] 
1.3 
[1.07, 1.45] 
.004
a 
Tasks done correctly 
86.3 
[82.80, 89.78] 
83.7 
[79.94, 87.49] 
- 
- 
.313
b 
E
rror rate (%
) c 
29.7 
[26.94, 32.35] 
35.0 
[32.16, 37.81] 
- 
- 
.007
b 
a = analysed w
ith P
oisson regression. 
b = analysed w
ith independent sam
ples t-test. 
c E
rror rate = (tasks perform
ed incorrectly / total tasks) * 100. 
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Post-hoc exploratory analyses 
Participants who received 12 interruptions had an extra opportunity (interruption #7) to 
commit a clinical error that could unfairly inflate their error rate. It was not possible to deliver 
interruption #7 to participants in the 3-interruptions condition because they only received one 
interruption per scenario, and it followed logically from the previous interruption within the 
same scenario (interruption #6). When clinical errors that resulted directly from this interruption 
were removed, the rate ratio decreased but the results remained statistically significant (Table 
3). 
In a subgroup analysis, procedural failures were sorted into one of four categories. 
Percentage of total procedural failures was 5% for documentation errors (for example, 
documenting medication administrations incorrectly on the computer), 9% for 
incorrect/omission errors (doing something incorrectly or not at all), 17% for labelling errors 
(incorrect information written on line/bag/syringe labels), and 69% for nonaseptic technique 
(for example, not hand washing or not swabbing the connection port for 15 seconds). 
Interruption frequency was a significant predictor only of nonaseptic technique: participants 
who were interrupted 12 times used nonaseptic technique more frequently than participants 
who were interrupted 3 times (Table 3).  
The number of tasks completed correctly (i.e., any task that had the potential for an error 
but did not contain one) varied across participants, depending on how they went about their 
work. An error rate was computed for each participant to account for this variation. The 
number of tasks performed incorrectly (clinical errors and procedural failures) was totalled and 
divided by the total number of tasks performed (correctly and incorrectly). Participants who 
were interrupted 12 times had significantly higher error rates than participants who were 
interrupted 3 times (Table 3). We also considered whether receiving a high number of 
interruptions would result in more opportunities to commit errors (i.e., by requiring the 
participant to complete more tasks in general), but we found no difference in tasks done 
correctly between participants who were interrupted 12 times compared to 3 times. 
Discussion 
Summary of findings 
We found that nurses who received a higher number of interruptions during medication 
preparation and administration tasks committed more clinical errors and more procedural 
failures than nurses who received a lower number of interruptions. This study has therefore 
demonstrated a prospective dose-response relationship between interruptions, clinical errors 
and procedural failures.15 The findings provide further evidence to support the hypothesis that 
there is a causal relationship between interruptions and errors, and they fill a previously noted 
gap in the literature.10 16 Our results strengthen existing observational research showing an 
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association only7 8 and empirical research that uses quasi-experimental methods or small 
samples only.12-14  
Westbrook et al.’s8 estimated risk data for clinical errors suggest a rate ratio of 1.4 when 
comparing nurses who received 1 interruption and 4 interruptions per medication – a rate 
lower than but comparable to that found in the current study (2.0) when comparing 1 
interruption versus 4 interruptions per scenario. The rate ratio may be higher in our study 
because the interruptions were carefully designed to be as disruptive as possible, whereas 
Westbrook et al. could not control the types of interruptions due to the observational nature of 
the study. When considering only the most severe errors, Westbrook et al. report a rate ratio of 
2.0 when comparing nurses who received 0 interruptions and 4 interruptions per medication, 
which is more comparable to our rate ratio of 1 versus 4 interruptions per scenario.  
We used an alternately-allocated parallel groups design for pragmatic reasons, but 
compared to randomized designs, they are more susceptible to selection biases and 
confounding. The potential for selection biases were minimised by blinded allocation; 
participants were scheduled by a senior nurse blinded to both study aims and interruption 
condition without the involvement of the research team. In addition, participants were 
scheduled to testing sessions at relatively short notice because of unpredictable shift changes 
and unit workload, and participants in each condition were equally likely to be tested in the 
morning or afternoon. Controlling for baseline imbalances in demographics using full and 
reduced regression models did not substantively change the conclusions or effect sizes. 
Furthermore, residual diagnostics did not show evidence of autocorrelation, suggesting that 
participants’ performance did not systematically improve or worsen as the experiment 
progressed. Thus, our findings are unlikely to be due to bias or confounding. 
The effect of interruptions on clinical errors held even when participants subsequently 
corrected some errors. However, the corrections could have been made at any point in the 
simulation, so in principle the initial error could have already reached the patient before it was 
detected. The clinical errors observed mostly related to the medication rate and dose. The 
effects of interruptions on procedural failure counts was driven by the increase in violations of 
aseptic technique with more interruptions. Previous research suggests that interrupted tasks 
are shorter in duration than uninterrupted tasks.22 Interrupted nurses may have performed 
tasks more quickly by omitting perceived tedious steps such as hand washing or reducing the 
time taken to swab insertion ports. A further procedural failure was the nurse forgetting to ask 
the TL to check required components of the medication preparation and administration 
process. This failure potentially facilitated a clinical error—for example, not asking the TL to 
check a drug calculation and then administering the wrong dose. 
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The total number of tasks that the participants performed correctly did not differ across 
conditions. This finding suggests that the interruptions did not increase the number of tasks 
completed and therefore were not simply providing more opportunities for mistakes.  
Participant age, nursing experience, and ICU experience were positively correlated, and all 
three variables were associated with a small increase in the frequency of procedural failures 
but not clinical errors. A similar effect was observed in Westbrook et al.’s study8, with 1% (95% 
CI [0.6, 1.4%]) higher rate of procedural failures per year of nursing experience, compared to 
the 1% (95% CI [0.0, 2.0%]) in the current study. Although counterintuitive, this effect can be 
explained by the model of Dynamic Safety.23 Procedural failures that do not result in overt 
accidents reinforce the incorrect action, especially in the long term. Therefore, nurses with 
many years of experience may be more likely to commit procedural failures because they have 
not observed any consequence for that action. 
Limitations 
The research has several limitations that may affect the representativeness of the study 
and the generalizability of the findings. First, we did not randomly allocate participants to each 
condition, but used an alternately-allocated parallel groups design. Future studies in this area 
should ideally be randomized, but in the present study with alternate-allocation the findings did 
not appear to be the result of bias or confounding. 
Second, as with all simulation research, participants were aware they were being watched 
and recorded. As a result, participants’ behaviour and reactions to interruptions may not reflect 
their activities in clinical practice. A concern was that participants might feel uncomfortable 
deferring or blocking interruptions while being recorded, but our participants’ high rates of 
accepting the interruptions are similar to those found in natural settings.24 25 
Third, the frequency of clinical errors and procedural failures may have been artificially 
inflated if participants were nervous and/or working in an unfamiliar environment. Although the 
rates of errors and failures in our study appear high, our findings are consistent with 
observational data that suggest baseline error rates using similar methodology are high. 
Westbrook et al.8 found that 25% of uninterrupted medication administrations contained clinical 
errors and 70% of uninterrupted medication administrations contained procedural failures.  
Fourth, the simulation room and scenarios contained several unique qualities. (1) The 
room was similar to an ‘isolation room’ in the ICU in question, whereas most of the ICU bed-
spaces are in an open plan where nurses can easily approach neighbouring nurses. (2) The 
medication room is not normally so close to the bedspace and is separated via a door with 
swipe card access rather than a partition. (3) Efforts were made to include a variety of 
interruptions that were representative of authentic workplace interruptions, but there were 
some interruptions that we could not simulate due to limited resources. For example, 
interruptions often come from the nurse at the adjacent bedspace but this would have required 
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a larger simulation room and additional actors. (4) We assessed the impact of interruptions on 
medication preparation and administration tasks only. It is not clear whether interruptions 
would lead to errors during other nursing tasks.  
Applications and future directions 
Because more interruptions can cause more errors, reducing or eliminating interruptions 
could be an effective step towards reducing errors. However, attempts to enforce zero 
interruptions have led to unanticipated consequences.20 26 Researchers are increasingly 
shifting from a viewpoint that all interruptions are inherently undesirable, to acknowledging that 
many interruptions are essential for the work system to function.1 25 27-30 In our scenarios, every 
interruption could be considered necessary. Instead, interruption-reduction interventions 
should target interruptions that increase risk or that do not add value,28 30 but interruptions that 
facilitate the effective coordination of the work system should be preserved. One possibility is 
to develop nurses’ resilience to interruptions with system-based changes such as visual timers 
and cues.13 31 Interruption management strategies could also be used to mitigate the negative 
effects of interruptions.29 
Our findings apply to ICU environments, and perhaps other critical care/emergency 
departments. Because nursing tasks and interruptions vary significantly across clinical 
settings, the findings may not generalise to units with lower nurse to patient ratios.  
In summary, this is the first prospective controlled study to test the hypothesis that more 
interruptions lead to more clinical errors and procedural failures in a simulated ICU 
environment. Our findings point to a dose-response relationship between interruptions and 
errors; the prospective nature of the finding increases our confidence in a causal connection. 
Reducing the frequency of interruptions may lead to a reduction in errors, but this may result in 
unexpected consequences to the wider work system. Future research should explore ways to 
make necessary interruptions safer, rather than eliminating them. Researchers could shift their 
focus to improving the safety of interruptions by increasing the resilience of the work system 
while also seeking ways to reduce interruptions that do not contribute to work coordination.  
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Laboratory Study: Scenario Scripts (brief version) 
O
rder # 
B
everages 
FO
H
W
 m
ain task 
FO
H
W
 interruptions 
P
rior 
W
hite w
ine 
 
FO
H
W
 engages in chit chat regarding bartender’s prior bar w
ork experience. Let 
this go for a m
inute or so. 
 C
hiara calls FO
H
W
 on w
alkie talkie. 
C
hiara: “S
upervisor to Front of H
ouse” 
FO
H
W
: “G
o ahead” 
C
hiara: “W
hite w
ine left off table 20’s order. P
lease get your bartender to m
ake it 
A
S
A
P
. C
ustom
er is a bit upset; please go and apologise to them
. A
lso tell your 
bartender that another order is going to com
e through in the m
eantim
e” 
FO
H
W
: “C
opy that”  
*end of call* 
 FO
H
W
: “The bartender before you accidently left a drink off an order so I need 
you to m
ake that now
. It’s just one w
hite w
ine and it’s already been added to the 
custom
er’s bill. W
hile you m
ake that I’ll quickly go apologise to the patron 
because they’ve been w
aiting a w
hile. A
nother order is going to com
e through 
shortly so just w
atch out for that.” 
 FO
H
W
 exits room
. 
----------------------------------------------------------------------------------SC
EN
A
R
IO
 1--------------------------------------------------------------------------------------- 
O
rder 1 
M
argarita 
M
artini 
W
hite w
ine 
O
rdering alcohol over 
the phone 
IN
TE
R
R
U
P
TIO
N
 #1: M
A
R
G
A
R
ITA
 
W
hen bartender is filling the shaker w
ith ice but before they put the lid and cap on 
to shake: 
FO
H
W
: “H
ey bartender, a custom
er w
anted a lim
e peel in their drink but they 
didn’t get it. C
an you peel a round of lim
e for m
e now
 because their drink is 
w
aiting to be delivered from
 another w
orkstation.” 
 FO
H
W
 to stand at w
orkstation w
ith sm
all tip tray, and com
m
unicate to supervisor 
via W
T that the peel is com
ing.  
FO
H
W
 collects lim
e peel on sm
all tip tray and exits room
 w
ith peel.  
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O
rder # 
B
everages 
FO
H
W
 m
ain task 
FO
H
W
 interruptions 
IN
TE
R
R
U
P
TIO
N
 #2: M
A
R
TIN
I 
W
hen bartender goes to get m
artini glass out of fridge but before running a lem
on 
quarter around the rim
, FO
H
W
 puts hand over phone and asks bartender: 
FO
H
W
: “H
ey bartender, I need som
e bottle codes that are on the back of the 
bottles in the alcohol room
. C
an you go in and tell m
e w
hat they are? I need 
S
m
irnoff vodka and bacardi bottle codes.” 
 FO
H
W
 to w
rite dow
n codes. 
FO
H
W
: “Thanks for that, I also need the bottle code of the w
ine in the fridge. 
They’ve all got the sam
e code so any bottle is fine.” 
 FO
H
W
 to w
rite dow
n code. 
 FO
H
W
: “Thank you.” R
eturns to phone call and read out codes.  
O
rder 2 
M
ojito 
M
artini 
V
odka m
artini 
O
rdering fruit/m
int/soda 
w
ater over the phone 
 O
rdering bar snacks 
over the phone 
 N
apkin hats (if tim
e) 
IN
TE
R
R
U
P
TIO
N
 #3: M
O
JITO
 
W
hile bartender is getting m
int leaves out of fridge and (before returning to w
ork 
station and clapping): 
FO
H
W
: “H
ey bartender, w
hile you’re at the fridge I need you to count how
 m
any 
lem
ons and lim
es w
e have left in the fridge.” 
 FO
H
W
 to w
rite this dow
n. 
FO
H
W
: “C
an you also tell m
e w
hat the brand is on the stickers?” 
 FO
H
W
 to w
rite this dow
n. 
 FO
H
W
: “Thank you.” R
eturns to phone call and provides lem
on/lim
e inform
ation.  
 IN
TE
R
R
U
P
TIO
N
 #4: S
E
C
O
N
D
 M
A
R
TIN
I 
W
hen bartender is about to stir contents of cocktail shaker: 
FO
H
W
: “A
 sparkling w
ater w
as left off table 29’s order and it needs to be m
ade 
urgently. C
an you please m
ake that now
?” 
 FO
H
W
 to talk on w
alkie talkie about sparkling w
ater and how
 it’s being m
ade etc. 
O
nce sparkling w
ater is m
ade, take it out to custom
er. S
tay out until bartender 
finishes order. 
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O
rder # 
B
everages 
FO
H
W
 m
ain task 
FO
H
W
 interruptions 
----------------------------------------------------------------------------------SC
EN
A
R
IO
 2--------------------------------------------------------------------------------------- 
O
rder 3 
M
ojito 
M
argarita (no salt) 
W
hite w
ine 
P
olishing glasses 
IN
TE
R
R
U
P
TIO
N
 #5: M
O
JITO
 
W
hile bartender is putting the lim
e w
heel on the glass but before m
aking the peel: 
FO
H
W
: “C
an you tell m
e how
 m
uch vodka w
e have left in the alcohol room
?” 
FO
H
W
 to ask for levels of both the S
m
irnoff bottle and the absolut bottle if 
bartender doesn’t provide both. 
 FO
H
W
: “Thank you!”  
FO
H
W
 returns to phone call and regurgitates inform
ation.  H
ang up, and continue 
polishing glasses. 
 IN
TE
R
R
U
P
TIO
N
 #6: M
A
R
G
A
R
ITA
 
W
hen bartender has shaken the cocktail for 5 shakes, FO
H
W
 starts bringing 
glasses over to w
orkstation 2 at a tim
e: 
FO
H
W
: “C
an you help m
e put these aw
ay? I don’t w
ant to lean over your w
ork 
space.” 
 FO
H
W
 hands bartender each glass, except w
ine glasses. 
FO
H
W
 starts m
aking napkin hats until bartender finishes order, or looks at 
clipboard (since bartender w
ill likely finish very shortly after this interruption). 
O
rder 4 
M
ojito (light rum
 
only) 
S
parkling w
ater 
M
argarita 
M
artini 
C
oordinating snacks 
and drinks over w
alkie 
talkie 
 N
apkin hats (if tim
e) 
 
IN
TE
R
R
U
P
TIO
N
 #7: A
LC
O
H
O
L R
O
O
M
 
P
hone call from
 C
hiara. C
hiara relaxes.  
 IN
TE
R
R
U
P
TIO
N
 #8: M
A
R
G
A
R
ITA
 
W
hen bartender is running lim
e quarter around rim
 of glass (3..2..1..G
O
):  
FO
H
W
: “The custom
er just spilt the glass of w
ine on him
self. I need you to m
ake 
m
e another one im
m
ediately.” 
 FO
H
W
 to stand up and get ready to collect w
ine, talk on w
alkie talkie w
hile this is 
happening. Talk about how
 it’s being re-m
ade right now
. 
 O
nce bartender re-m
akes w
ine, bring it out to custom
er. P
our w
ine into spare 
w
ine bottle w
ith funnel. R
inse glass. 
----------------------------------------------------------------------------------SC
EN
A
R
IO
 3--------------------------------------------------------------------------------------- 
O
rder 5 
Lem
on m
ojito 
P
olishing glasses 
IN
TE
R
R
U
P
TIO
N
 #9: A
LC
O
H
O
L R
O
O
M
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O
rder # 
B
everages 
FO
H
W
 m
ain task 
FO
H
W
 interruptions 
M
argarita 
V
odka m
artini 
 S
w
eeping floor 
W
hile bartender is m
easuring alcohol for the second cocktail (w
hichever it is), 
FO
H
W
 calls on phone: 
*C
hiara starts call (no. 54543)* 
FO
H
W
: “H
ey bartender it’s FO
H
W
. C
an you please check on the com
puter w
hat 
table 64 ordered?” 
bartender w
ill say: m
artini, m
arg, m
arg, m
ojito. 
FO
H
W
: “D
oes the m
argarita say no salt?” 
bartender w
ill say no. 
FO
H
W
: “O
kay thanks for that. I’ll be back in shortly.” 
 FO
H
W
 to leave control room
, rinse all glasses except sparkling w
ater. Leave 
sparkling w
ater on tray. 
 IN
TE
R
R
U
P
TIO
N
 #10: M
O
JITO
 
W
hen bartender is pouring rum
s into glass, FO
H
W
 returns w
ith sparkling w
ater on 
tray: 
FO
H
W
: “This sparkling w
ater actually needs a shot of vodka. C
an you m
easure a 
30m
l shot of vodka for m
e now
 please?” 
 bartender should notice there are no spare shot glasses, and com
e back to rinse 
one of the em
pty ones. D
o not let them
 pour the vodka shot they have already 
prepared for the m
artini. 
 bartender or FO
H
W
 can pour it in the sparkling w
ater.  
FO
H
W
 exits room
 w
ith tray. R
inse glass. 
 IN
TE
R
R
U
P
TIO
N
 #11: M
A
R
TIN
I 
W
hen bartender is alm
ost finished peeling lem
on, FO
H
W
 starts bringing glasses 
over to w
orkstation 2 at a tim
e: 
FO
H
W
: “C
an you help m
e put these aw
ay again?” 
FO
H
W
 hands bartender each glass, except w
ine glasses. 
 W
hen FO
H
W
 delivers drinks, rinse all glasses except lem
on m
ojito. Leave m
ojito 
on tray. 
O
rder 6 
W
hite w
ine 
P
roviding cleaning up 
IN
TE
R
R
U
P
TIO
N
 #12: S
E
C
O
N
D
 W
IN
E
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O
rder # 
B
everages 
FO
H
W
 m
ain task 
FO
H
W
 interruptions 
W
hite w
ine 
instructions 
W
hen bartender is pouring second glass of w
ine, FO
H
W
 returns w
ith lem
on 
m
ojito: 
FO
H
W
: “H
ey bartender, the lem
on w
heel accidently fell off the m
ojito before it w
as 
delivered. C
an you re-m
ake it im
m
ediately? These w
ines look like they’re ready to 
go, too.” 
 W
hile bartender is m
aking lem
on w
heel,  
FO
H
W
: “I’m
 going to take these out and help clean up at the front. N
ow
 just clean 
up your area, put everything aw
ay, w
ipe benches, check the alcohol room
 is clean 
and tidy. D
on’t w
orry about the salt plate or the juicer. W
hen you’re done cleaning 
up, call the supervisor and let them
 know
 you’ve finished your shift. The num
ber is 
on the handle.”  
 FO
H
W
 to w
ait at w
orkstation for w
heel. G
et bartender to place it on the glass and 
FO
H
W
 take it out w
ith w
ines. The idea is to not let the bartender deliver the tray to 
the counter table. 
 FO
H
W
 exits room
 w
ith drinks and w
heel. P
our w
ine into spare w
ine bottle w
ith 
funnel. R
inse glasses. S
tay out. 
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Healthcare Study: Scenario Scripts 
Legend: 
Bedside nurse – Participant 
Timothy Wakeford – Patient – CF2 – Flick  
ACCESS nurse – CF1 – Mady  
Additional characters – CF2 – Flick  
• Aliesha from radiology (phone) 
• Doctor Sam (phone) 
• In-charge nurse Sarah (phone) 
• Daughter Angela (phone) 
• 2nd ACCESS nurse Kate (in person) 
• Sophia on switchboard (phone) 
Santa – gives information about manikin via intercom when asked – Chiara  
*Tasks to be done by us  
#Possible complications or workarounds  
 
Beginning of Simulation – Chiara has just finished handover.  
 
Nurse commences patient assessment.  
 
Nurse “Hello Timothy how are you feeling, my name is…… and I’ll be looking  
             after you today………” 
Timothy answers questions – relatively cheerful.  
 
#Timothy will greet nurse if they do not initiate conversation. 
Timothy “Hello.”  
Optional – if nurse is not interacting with sim man “And what’s your  
Name?” 
 
Neurological assessment: 
Nurse “Timothy, can you tell me your name and date of birth?” 
Timothy “Timothy George Wakeford, 06/03/1951.” 
Nurse “Do you have any allergies?”  
Timothy “Morphine and prawns.” 
Nurse will check ID band against what timothy says. 
Nurse “ Do you know where you are?” # “why are you in hospital?” 
Timothy “In hospital” # “had a cancer removed from my ear” 
Nurse “Do you know what ward you are in?” 
Timothy “umm, 1D.” 
Nurse “You’ve just returned from theatre Timothy, you’re in intensive care.” 
              #“Do you know what day it is…. Month…. Year?” 
Nurse “Do you have any pain?”  
Timothy “Only a little bit.” 
Nurse “Where is the pain?” 
Timothy “On the left side of my face?” 
 137 
Nurse “What would you give it out of 10?” 
Timothy “Just a 1 or 2, not too bad?” 
Nurse “I’m going to shine a light in your eyes, can you look straight ahead.” 
Timothy “Yep.” 
Nurse “SANTA, what are Timothy’s pupils?” 
Santa “Pupils are round, 3mm, equal and reactive.” 
 
Possible extra assessment questions 
Nurse “Do you feel cold?” 
Timothy “No no nurse, I’m nice and warm.” 
Nurse “ Can you squeeze my hands? Can you push your feet against my hands?” Nurse will 
ask SANTA for results. 
Santa “Limb powers are equal and strong.” 
 
Respiratory assessment: 
Nurse “Timothy can you take some deep breaths for me.” 
Nurse might feel chest. 
Nurse “SANTA how much oxygen is Timothy on?” 
Santa “2 liters” 
 
Circulatory assessment: 
Nurse will check pules, warmth and colour of hands and capillary refill in his fingertips. 
Nurse “I’m just going to check your pulses Timothy.” 
Nurse may ask SANTA for circulation assessment.  
Santa “Hands are warm, pink, pulses strong and cap refill is less than 2 seconds.” 
 
Gastrointestinal assessment: 
Nurse will listen to patient’s bowel sounds and palpate the abdomen. 
Nurse “Timothy do you feel nauseated/nauseous?” 
Timothy “No.” 
Nurse  “Timothy does your stomach feel sore when I push on it?” 
Timothy “No.” 
Nurse should ask SANTA for Blood sugar level.   
Santa “15.8.” 
 
Renal assessment and fluid balance: 
Nurse may empty U.O from IDC into drainage bag – 60 mls in container. 
Nurse may ask if Timothy feels thirsty. 
Timothy “No I’m OK thanks nurse.” 
Skin: 
Nurse may ask Santa how the wounds, flap, and skin look. 
Santa WOUNDS: “Wounds look good, no signs of bleeding/strike through.” 
Santa FLAP: “The flap is warm, pale but blanching, cap refill is less than 2 seconds.” 
Santa SKIN: “Skin is dry but healthy, no pressure areas.” 
 
End patient assessment – nurse will check drug orders on worklist. 
Timothy is sleeping. 
 
 138 
Commences fluid preparation: 
#Mady may have to enter room and prompt nurse to check worklist. 
Mady: “Morning how are you” “are you busy, do you have much to do on your worklist?” 
 
Mady: Enters whilst preparing fluids 
           “Morning, how are you?”  
            “I’m your ACCESS nurse today, I’ll just write my number on the board.” 
 
Nurse should ask Mady to check fluid bag and order. Mady to check patient’s name and date 
of birth and allergies.  
Mady “Timothy can you tell me your name and DOB?”  
Timothy “ Timothy Wakeford, 6/3/1951.”  
Mady “Are you allergic to anything?” 
Timothy “Yes, morphine and prawns.” 
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SCENARIO 1: Fluids and insulin 
 
INTERUPTION 1: 
After Mady checks the fluids order.  
Mady “You’ve got some insulin here, would you like me to grab you any of the medications you 
need before I leave? What do you need?” 
 
Nurse “Heparin syringe and ampoule.” 
 
#Nurse may not remember what was handed over to them. 
Nurse “I don’t know.” 
Mady “It was handed over to me that we were going to start a heparin infusion, is that right? I’ll 
get you that and a bolus just in case.” 
 
Mady goes to drug room to collect heparin syringe and heparin ampoule. 
 
Mady returns to bed space. 
Mady “I’ll just leave them on the bench for you. I have to run but if you need   
             anything give me a call, I’ll be back in a little bit.” 
 
#Nurse may want Mady to check all the medications now. 
Nurse “Can you check these all now for me?” 
Mady “I’ll come back when the orders are up. Sorry I have to run and do a DD for bed 7.” 
 
#Nurse may ask why heparin syringe has no packaging. Mady to say she unwrapped it for 
them. 
 
Mady exits room. 
 
*Mady to add insulin order on MetaVision. 
 
Nurse finishes administering fluid. 
 
#Nurse may explain what they are doing to Timothy – who is sleeping peacefully. 
Timothy “Oh, did you say something? Sorry I was just dosing off, I’m so sleepy.” 
Nurse may or may not respond. 
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INTERUPTION 2: 
Nurse checking insulin order and guidelines on computer. 
 
Timothy “Nurse!” #repeat if necessary “NURSE!” 
“Can you come here please! There’s something on my neck, on the right side of my neck.” 
“It’s pulling on my neck.”  
“Can I take it off? Can you help me take it off?” 
“I can’t reach it.” 
Nurse “It’s ok Timothy. That’s just your central line. That’s where we  administer drugs for 
you. Please don’t touch it as it needs to remain  clean and sterile.” 
Timothy “Oh sorry nurse, I didn’t realize. It’s just pulling a little bit can you adjust it for me?” 
Nurse will adjust CVL to prevent it pulling. 
Timothy “Oh that’s much better, thanks luv, sorry for being such a nuisance.” 
 
#De-escalation if nurse starts to panic. 
Timothy “Oh nurse, sorry, it’s not that bad. I just didn’t know what it was.” 
“What a nuisance I am. You should have just told me to put a cork in it.” 
 
Nurse goes back to preparing insulin. 
 
Mady enters room shortly after.  
Mady “Hi do you mind if I do my checks now?”  
Commences safety checks.  
* Mady to take off pulse oximeter in preparation for int4. 
 
#Distraction if necessary – otherwise Timothy is sleeping. 
Timothy “Nurse do you mind pulling my blanket up? I’m a little cold.” 
Mady “No worries.” 
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INTERUPTION 3: 
When nurse has almost finished preparing syringe (on 4th saline ampoule) or almost finished 
filling out med sticker but must have done both. 
Mady “Oh, has Timothy had his CXR yet?” 
Nurse “No.” 
Mady “Hmm, he’s been here for 2 hours, he should have had it by now. You’d  better 
call radiology to check. I’ll quickly check your insulin infusion for  you whilst you call.”  
Mady checks insulin and leaves. 
 
Nurse should go to phone and call switchboard. 
Switchboard Sophia  “Switchboard this is Sophia.” 
Nurse “Hi can you put me through to Radiology?” 
Switchboard Sophia  “Yeah, now worries.” 
*CF2 to mute phone for a few seconds. 
Radiology Aleisha “Radiology this is Aleisha.” 
Nurse “Hi this is ….. in ICU, I’m looking after Timothy. Do you have an order for a chest X-Ray 
for him?” 
Radiology Aleisha “Let me have a look, what’s their UR number?” 
Nurse “1909616.” 
Radiology Aleisha “No, it’s not here but if you get the doctors to send us an order I can come 
up and do it shortly.” 
Nurse “Thanks.” 
 
Nurse should hang up and call switchboard again.  
Switchboard Sophia  “Switchboard this is Sophia.” 
Nurse “Hi can you put me through to the ICU JR?” 
Switchboard Sophia  “Yeah, now worries.” 
*CF2 to mute phone for a few seconds. 
Doctor Sam “Hello, Sam speaking.” 
Nurse “Hi this is….. I’m looking after Timothy. Are you looking after him today?”  
Doctor Sam “Yes.” 
Nurse “Are you able to order a Chest x-Ray for me?” 
Doctor Sam “No worries.” 
 
Nurse should hang up and continue preparing insulin infusion. 
 
#If nurse asks any further questions: 
 Doctor Sam “I’m not sure sorry, I’ll check with SR and get back to you.” 
 
#Nurse may potentially defer task until later 
Mady “The doctors are concerned he may have a pneumothorax so we really  
should get it down now.” 
“I’m sorry, I really need you to do it for me, I have to run and help out  
with a transfer/admission.” 
 
#If nurse does not make the call, Mady leaves room and sim room phone rings 
*CF2 to ring phone in room. 
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Doctor Sam “Hi this is Sam the ICU JR, I’m just looking for Timothy’s Chest x-ray but can’t see 
it on the system. Has he had it yet?” 
Nurse: “No not yet, has he got an order/have you done an order?” 
Doctor Sam “I’ve just started and I’m not sure if the previous JR ordered it. I’ll ring radiology 
and check for you.”  
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INTERUPTION 4: 
While nurse is programming syringe pump. 
*Chiara to drop Sp02 to 70% on sim man to cause a 3 star alarm. 
 
Nurse has to silence the alarm and investigate what is wrong.  
 
Timothy is startled and exclaims: “Oh! What’s that noise nurse?” 
“Is it everything OK?” 
“Oh it scared the bejeebers out of me.” 
 
Nurse should discover that the sats probe has come off Timothy’s finger and put it back on 
and explain what’s happened.   
 
If nurse asks Timothy how their breathing feels he will reply. 
Timothy “I feel fine.” 
 
#If nurse appears worried – e.g., listens to chest, starts to increase oxygen administration etc. 
Timothy will de-escalate. 
Timothy “I think this just popped off my finger, whoops, sorry.” 
“I’m being a nuisance again.” 
 
Nurse will put pulse oximeter back on Timothy’s finger and finish programming the pump. 
 
*Chiara to turn Sp02 back up to 98% again when probe is put back on Timothy’s finger. 
 
*Mady to add heparin order on MetaVision. 
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SCENARIO 2: Heparin infusion and bolus 
 
INTERUPTION 5:  
After nurse has looked at heparin order and algorithm and begins to walk over to bench space. 
 
*CF2 to ring phone in room. 
Nurse answers. 
Nurse “ICU, R wing …. Speaking.” 
In-charge nurse Sarah “Hey it’s Sarah I’m in charge today. So we are  
over staffed this afternoon. Do you have any toil accumulated?” 
 
Nurse “Yes” (may be confused/unsure) 
In-charge nurse Sarah “Are you interested in going home at 3 then?” 
Nurse “No” 
In-charge nurse Sarah “Oh OK, would you like to take annual leave instead and go home at 
3?” 
Nurse “Yes/No” (may be confused/unsure) 
In-charge nurse Sarah “OK no worries. 
“How is it going all the way out in R-wing? Are   
you managing OK?” 
Nurse “Yeah it’s OK.” 
In-charge nurse Sarah “OK, I’ll let you know about the leave. Bye.” 
 
Nurse “No” 
In-charge nurse Sarah “Oh OK, would you like to take annual leave instead and go home at 
3?” 
Nurse “No” (may be confused/unsure) 
In-charge nurse Sarah “OK no worries. 
“How is it going all the way out in R-wing? Are   
you managing OK?” 
Nurse “Yeah it’s OK.” 
In-charge nurse Sarah “OK, well give me a call if you need anything.” 
 
Nurse hangs up and continues heparin preparation. May recheck order. 
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INTERUPTION 6: 
While nurse starts to prepare the flush, fill out medication sticker, or assemble materials in a 
pile. 
 
Mady enters room. 
Mady “Hey, pathology have just called and the U and Es weren’t collected  
properly. Shall I collect another sample for you?” 
Nurse “Oh yes please.” 
Mady “Why don’t I do a blood gas as well while I’m at it? Where’s the blood  
             collection equipment kept out here. Do you mind passing it to me?” 
 
#Nurse may react differently to question. 
 
Nurse “We don’t need a blood gas.” 
Mady “Have they done one since OT?” 
Nurse “I don’t know.” 
Mady “I didn’t see one on the system?” 
 
Nurse “No it’s OK I can do it.” 
Mady “No I’ll do it, I don’t mind, and that way I can run it for you.”  
“I really don’t want have to walk all the way back here to collect it.” 
 
Nurse should find equipment and pass it to Mady. 
 
Mady pretends to collect blood sample- talks to Timothy. 
Mady “Hi Timothy I’m just going to do a little blood test for you but don’t worry  
              there’s no needles, it’ll just come out of this line here.” 
Timothy “No worries nurse, do what you need to do.” 
 
Mady “What’s timothy’s temperature? And how much 02 is he on?” 
Nurse “36.1 and just 28%/2L.” 
 
Nurse should ask Mady to check heparin infusion before she leaves. 
Mady checks infusion then exits room with blood. 
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INTERUPTION 7: 
While nurse is pushing bolus OR when programming heparin pump – whichever comes first. 
 
*Mady to ring phone in room. 
Nurse answers. 
Nurse “Hello, ICU …. Speaking” 
Mady “Hey, it’s Mady, sorry I can’t get down the back currently but I just  wanted to let 
you know that Timothy’s BSL is 4.1 now. It was high  before wasn’t it?” 
Nurse “Yeah it was 15.8.” 
Mady “Oh that’s a big drop, what’s his insulin infusion running at?” 
Nurse “5mls an hour.” 
Mady “Ok I’ll leave that with you, call me again if you need anything.” 
Nurse hangs up. 
 
Nurse can either finish bolus and then change insulin infusion rate or vice versa. 
 
*Mady to add PCA order on MetaVision. 
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INTERUPTION 8: 
While nurse is programming heparin pump OR when pushing bolus – whichever comes 
second. Note: this interruption MUST not be moved around! 
 
*Chiara selects “m_scream” option on sim man 
Timothy “Ohhh nurse.” 
Nurse “What’s wrong Timothy?” 
Timothy “Oh I’ve got pain nurse.” 
Nurse “Where is it? How bad is it?” 
Timothy *Moan* “My left ear, oh it’s really bad nurse.” 
Nurse “What would you rate it out of 10?” 
Timothy *7/10.” 
Nurse “Ok let me quickly finish this and then I’ll get you some pain relief.” 
 
Nurse finishes programming pump, documents administration of heparin, then will likely call 
Mady to get fentanyl PCA. 
 
Mady “OK I’ll be there shortly, I’m a bit caught up so I’ll send one of the other ACCESS nurses 
in so you can go start writing it up in the med room.” 
Nurse hangs up and writes medication sticker while waiting. 
 
When nurse is filling out med sticker, CF2 – Kate (2nd ACCESS nurse) enters the room.  
Kate AN2 “Hey I’m Kate I’ll look after Timothy for you, Mady will meet you 
in the med room shortly.” 
 
#Nurse may ask if AN2 knows Timothy. 
Kate AN2 “Yeah, he’s just returned from theatre post Left ear and neck resection”  
 
#Nurse may give handover. 
 
Nurse leaves bedspace and enters medication room while Kate looks after Timothy. 
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SCENARIO 3: Fentanyl PCA 
 
INTERUPTION 9: 
Whilst nurse is preparing medication in drug room, Kate knocks on door and calls in. 
 
Kate AN2 “Hey I’m still keeping an eye on Timothy. He’s in a bit of pain.” 
*Chiara to select “m_scream” option on sim man 
*Cue for Kate to pop into med room 
Kate AN2 “He is asking for some panadol. I’m happy to give it to him if you  
can pass me some.” 
 
Nurse looks for panadol in drug cupboard and gives to Kate. 
Kate AN2 “Thanks.” 
Kate AN2 goes back to bed space. 
 
# Possible alternative reactions. 
Nurse “Aren’t you watching Timothy for me?”  
Kate AN2 “Yes, I can still see him from here.” 
 
Nurse “Yeah, that’s why I’m getting a fentanyl PCA.” 
Kate AN2 “He is in a lot of pain, can I give him some panadol as well?” 
 
Nurse “Is his liver function/LFTs OK?” 
Kate AN2 “Oh I’m not sure is it?” 
 
Nurse “Do you need help to administer it?” 
Kate AN2 “Oh no Timothy can roll over himself.” 
 
Nurse “Does he have an order for panadol?” 
Kate AN2 “I checked with the doctors and they gave me a verbal order and 
will write it up shortly.” 
Nurse “I’d prefer to hold off and get a verbal order myself/check his blood  
results.” 
Kate AN2  “Well OK, that’s fair enough.” 
 
Nurse “He is NBM how are you going to administer it?” 
Kate AN2 “PR (per rectal).” 
 
Nurse “Does Timothy mind having PR?/Should we do IV instead?” 
Kate AN2 “That’s okay I checked and he said it was OK.” 
 
Nurse continues preparing and writing up PCA. 
 
Kate has small conversation with Timothy. 
Kate AN2 “Timothy can you roll over for me?” 
Timothy “Okay no worries, I’ll give it a go.” 
Kate AN2 “Okay all done, good job Timothy.” 
Timothy “Thanks for that nurse.” 
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When nurse has completed everything they can independently Mady enters med room to 
finish preparing PCA together. 
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INTERUPTION 10: 
When leaving the med room Mady realises they don’t have a PCA pump in r-wing. 
 
Mady “Oh no! I forgot you don’t have a PCA out here.” 
Kate AN2 “I’ll grab you one.”  
Mady “Thanks.” 
Kate AN2 exits room. 
*Chiara to select “m_scream” option on sim man 
Mady “Sorry Timothy, we won’t be long, we just need a pump.” 
Timothy “That’s OK, nurse. I think the Panadol is working.” 
 
CF2 re-enters room ~30s later with PCA pump – hands it to Mady. 
Mady puts pump on ‘Medication Tree’. 
Kate AN2 exits room. 
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INTERUPTION 11: 
Nurse starts programming the PCA pump. 
 
*CF2 to ring phone in room. 
Mady Answers  
Daughter Angela “Hi it’s Angela, I’m Tim’s daughter.” 
Mady “OK no worries, I’ll just pass you on to the nurse and she’ll update  you.”  
Mady hands phone to nurse.  
“It’s Timothy’s daughter can you give her an update?” 
Nurse “Hi this is…” 
Daughter Angela “Hi it’s Angela, I’m Tim’s daughter. Sorry to bother you but 
Mum and I just haven’t heard anything yet and were worried, can you tell me how he is 
going?” 
Nurse “I can’t tell you too much over the phone; are you his next of kin?”  
Daughter Angela “Oh no, mum is his next of kin.” 
Nurse “He is awake and out of the operation, everything went well. He just  has a little bit of 
pain which we are getting sorted out now.” 
Daughter Angela “Thanks so much, I’m sorry to hassle you I’m just down  
           in Sydney and mum called me and was getting all concerned that she  hadn’t heard 
anything yet. I’m trying to get work off so I can come visit  him.”  
          “Thanks so much for looking after him. Pass on my love to him please.” 
Nurse “No worries.” 
 
#Nurse may want to defer call 
Nurse “Can you take the call?” 
Mady “I don’t know him that well, I’d prefer you took it.”  
*Mady to pretend her phone is ringing and answer it, passing the bedside phone to the nurse. 
Hang up shortly after. 
 
Nurse continues to program pump. 
Both Mady and nurse check programming. 
 
Nurse passes PCA button to Timothy and begins education.  
 
#Timothy can prompt nurse to give him education if necessary. 
Timothy “What do I do with this nurse?/What’s this button?” 
Nurse “So when you have pain you can just press this button. It locks you out every 5 
minutes…..” 
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INTERUPTION 12: 
While nurse is giving patient education. 
 
*Chiara to ring Mady’s mobile. 
Mady answers. 
Mady (on phone) “Sorry to interrupt Timothy but your wife is just outside; would you like her to 
come in?” 
Timothy “Oh yes please nurse.” 
Mady “Is that ok with you….” 
Nurse “Yes/no.” 
Mady “OK thanks just give me a call when you’ve done everything and I can come relieve you 
for your break.” 
 
Mady exits room. 
Nurse should continue education then document administration of PCA. 
 
Nurse calls Mady to say they are finished and ready to go on their break. 
Mady “OK great. I’ll be there in a moment.” 
 
END simulation. 
 
Chiara enters room, removes GoPro and microphone, and takes nurse out to hallway to fill out 
questionnaire and receive gift.  
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Healthcare Study: Details on Video Analysis 
To capture the footage for video analysis, feeds from four ceiling-mounted cameras and a 
live stream of the computer screen in the simulation room were recorded in a single file (Figure 
). Footage from the GoPro that was mounted on the participant’s forehead was recorded in a 
separate file. I used a video coding program called Datavyu to analyse the footage with a 
specific classification scheme. Events were recorded with precise timestamps indicating the 
beginning and end of each event. For each event that was coded, I recorded the scenario 
number and medication that was being prepared or administered at the time, along with 
several other pieces of information outlined below. Classification schemes were designed to 
have as much detail as possible so that pivot tables could be used to group data together 
meaningfully and so that further analyses could be carried out if warranted.  
Each column in Datavyu represented the following categories: 
The “Phase” column was used to record the different stages of each testing session, so 
that I could easily see which events occurred in which scenario.  
The “Interruption” column was used to record all of the interruptions that occurred in each 
testing session. Within each interruption cell, I recorded the following information:  
• The scenario the interruption occurred in 
• The medication that the participant was preparing/administering at the time of the 
interruption 
• The interruption number (1-12) 
• The participant’s response (engage, multitask, defer, block) 
• The timing of the interruption (whether it occurred early, on time, or late) 
• The intended and actual category of interrupting task (phone call, alarm, etc.) 
• The intended and actual primary task at the time of the interruption 
• The intended and actual interrupting task 
• Any further comments 
The “Task” column was used to record each task being completed (for example, washing 
hands). However, if the task was done incorrectly, it was recorded either as a clinical error or 
procedural failure and thus not recorded in this column. 
The “Procedural Failure” column was used to record any procedural failures that occurred 
throughout the experiment. In addition to the specific description (for example, not hand 
washing), I also coded the high-level category of each procedural failure (for example, 
nonaseptic technique). 
The “Clinical Error” column was used to record any clinical errors that occurred throughout 
the experiment. Similarly to procedural failures, I coded the specific description and high-level 
category of each clinical error. 
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The “Correction” column was used to record any clinical errors or procedural failures that 
were corrected throughout the experiment.  
The “Microslip” column was used to record any near misses that occurred throughout the 
experiment. This column referred to any mistakes that were corrected before the mistake was 
completed. 
The “Additional Task” column was used to record any non-compulsory tasks that were 
completed by the participant; for example, carrying out patient observations. 
I compiled all of this information into a coding dictionary that I consulted throughout the 
video analysis process, and also added to as new events emerged. The Datavyu files were 
exported into Microsoft Excel spreadsheets, where I used pivot tables to sort the data into a 
format that could be exported into IBM SPSS 22. Note: A very similar protocol was employed 
to analyse footage from the bartending studies. 
 
Figure 9. Example of footage to be coded. Left: four ceiling-mounted cameras comprise the 
quad display (bottom left is the medication room). Right: live feed of the computer in the 
simulation room displaying the electronic medical record system. 
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Figure 10. Example of Datavyu interface used for video analysis. Each column is a coding 
category. Within each category, fine-grained details of each event are recorded in a temporal 
fashion. 
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Healthcare Study: Additional Images 
 
Figure 11. Experimental coordinator (me, left) explaining experimental procedures and 
orientating participant (nurse, right) to the simulation set up prior to commencement.  
 
Figure 12. Participant carrying out patient observations on simulated patient manikin at the 
start of the simulation. 
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Figure 13. The participant (left) hears the bedside phone ringing while administering a 
medication. The phone call is being made by the research assistant (middle) in the control 
room. The experimental coordinator (me, right) coordinates the scenarios from the control 
room. Note: the glass window was blacked out during testing sessions so that participants 
could not see into the control room. 
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Laboratory Study: Ethics Approval Documents 
 
Figure 14. The University of Queensland School of Psychology ethics approval for the 
laboratory study. 
  
Thursday,*16*April*2015*5:00:27*PM*Australian*Eastern*Standard*Time
Page*1*of*2
Subject: Re:$Ethics$Application$1$Chiara$Santomauro$1$For$review
Date: Thursday,$16$April$2015$12:55:10$PM$Australian$Eastern$Standard$Time
From: Alex$Haslam
To: Chiara$Santomauro
CC: Penelope$Sanderson,$Danico$Jones
Dear$Chiara,
I$am$sorry$for$the$delay$in$giving$feedback$for$your$ethics$submission$titled$"Establishing$a$Causal$
Connection$Between$Nurse$Interruptions$and$Errors:$A$Laboratory$Study".$
However,$I$have$now$had$a$chance$to$look$at$this,$and$based$on$the$information$you$have$given$
me,$I$am$happy$to$give$the$study$ethics$clearance.$Your$research$will$have$the$clearance$number$
15GPHDG17GAH
I$hope$your$research$goes$well,$and$look$forward$to$hearing$about$your$findings$in$due$course.$$
Regards$and$best$wishes
Alex
Alex$Haslam
School$of$Psychology
University$of$Queensland
Contact
@alexanderhaslam
From:*Danico$Jones$<danico.jones@psy.uq.edu.au>
Date:*Thursday,$16$April$2015$10:55$AM
To:*Alex$Haslam$<a.haslam@uq.edu.au>
Subject:*FW:$Ethics$Application$1$Chiara$Santomauro$1$For$review
Hi$Alex
$
I’ve$received$a$query$from$the$student$following$up$on$the$progress$of$the$application.
I$can’t$find$any$correspondence$from$you$on$it.$$If$you$have$time$to$review$this$please.
$
Thanks
Danico
$
Danico Jones
Administration Officer (Examinations/Resource Centre)
School of Psychology | Faculty of Health & Behaviourial Sciences
The University of Queensland | St Lucia QLD 4072
Ph : 07 3365 6448 (Resource Centre)  or 07 3365 6700 Admin Office)
Email:danico.jones@psy.uq.edu.au| CRICOS Provider No: 00025B
$
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Healthcare Study: Ethics Approval Documents 
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Figure 15. Metro South Human Research Ethics Committee approval for the healthcare study. 
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Figure 16. The University of Queensland Human Research Ethics Approval for the healthcare 
study. 
